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This invention relates to new proline derivatives 
ated compounds which have the seneral formula 



wherein R is hydroxy, NH^ or lower alXoxy; 
R^ and R^ each is hydrogen, lower alXyl, 
phenyl or phenyl-iower alkyl; 
R^ is hydrogen, lower alkyl, phenyl, 
substituted phenyl wherein the phenyl 
substituent is halo, lower alkyl or 
lower alkoxy, phenyl- lower alKyl, 
dipfe^Tiyj- lower al!:yl, triphenyl-lowsr 
alkyl, lower alkylthiomethyl , phenyl- 
lower alkylthiomethyl, lower alkan^l- 
amidomethyl, R^-C-, R^-M-C- , Rr-NH-C- ,Rg-S- or 
R^ is hydrogen, hydroxy or lower alkyl; 
R- is lower alkyl, phenyl or phenyl-lo\tfer 



S— (SH)— gH-CO— N fH-COR 
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alkyl; 

is lower alkyl, phenyl, substituted 

6 

pher.^1, (wherein the phenyl substituent 
is halo, lower alkyl or lower alkoxy) , 
hydroxy-lower alkyl or amino (carboxy)- 
lower alkyl; 

I ' 

{HO CH, R, R4 

R^ is R-OC-HC _ N — CO - CH- (CH) - SCOp; 
M is 0 or S; 
m is 1 to 3; 
n and p each is 0 to 2, 
and to processes for making them. 

The asterisks indicate asymmetric carbon atoms. 
Each of the carbons bearing a substituent R^, R3 and R^ 
is asymmetric when that substituent is other than hydrogen. 



20 
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The invention in its broad aspects includes proline 
and related derivatives having formula I above. Within this 
broad group, because of their properties, certain subgroups 
are pref .'red over others. 

Broadly preferred are those compounds of formula I 

wherein R is hydroxy or lower aikoxy: R, is hydrogen or 

lower alkyl; R^ is hydrogen, R5-CO, Rg-S-, or R^; R3 and 

R each is hydrogen; R. is lower alkyl, especially methyl 

4 ^ 
or phenyl; R^ is lower alkyl, especially methyl or ethyl; 

m is 2, n is 0, 1 or 2, especially 1; and R^ wherein R, 

R , R, , m and n have the same preferences as above and p is 0. 
3 4 
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£specially preferred are those compounds which have the 
formula 
(II) 

R-_S — (CH,)„— CH— CO- N L.^^^ 



Wherein R is hydroxy or lower alkoxy; 
is hydrogen or lower alkyl; 
10 R2 ^® hydrogen, R^-CO-, R5-S- or R^; 

Rj is lower alXyl or phenyl, especially the first; 
R^ is lower alkyl; 
and n is 0, 1 or 2. 

Within the group of cocpounds represented by formula 
II, the following are still more preferred subgroups in 
tne order (a to r) of increasing preference to the com- 
pounds which are especially preferred embodiments: 

a) R is hydroxy 

b) n is 1 

20 c) R^ is hydrogen or lower alKanoyl 

d) R^ is hydrogen 

e) Rj is acetyl 

f) R^ is hydrogen or lower alkyl 

g) R^ is hydrogen or methyl 

h) R is hydroxy, R^ is hydrogen or methyl 

1) R as ny<iroxy, Rj^ is hydrogen or methyl, ia hydro- 
gen or acetyl and n is 0, 1 or 2 
j) R is hydroxy, R^ and R^ each is hydrogen and n is 0 
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k) R is hydroxy, R^ is hydrogen, R^ is acetyl and n is 
1 

1) R is hydxoxy, R^^ is methyl, R^ is acetyl and n is 1 
m) R is hydroxy, R^ and R^ each is hydrogen and n is 1 
n) R is hydroxy, R^ is methyl, R^ is hydrogen and n is 
1 

o) R is hydroxy, R^ is hydrogen, Rj is lower alkylthio 

and n is 1 
p) Rj is 



each R is hydroxy; R^ is hydrogen or lower alkyl, es- 
pecially hydrogen or methyl; and n is 0 to 2, es* 
pecially 1 



It will be appreciated that combinations of the fore- 
going, where applicable, are among the preferred groups. 

The stereoisomers in which the proline is in the L- 
form are especially preferred. 

The lower alkyl groups represented by any of the vari- 
ables include straight and branched chain hydrocarbon 
radicals from methyl to heptyl , for example, methyl, #»rhyl, 
propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, iso- 
pentyl and the like. The lower alkoxy groups are of the 
same kind having 1 to 7 carbons linked to oxygen, for ex- 
ample, methoxy, ethoxy, propoxy, isopropoxy, butoxy, iso- 
butoxy, t-butoxy and the like. The C^-C^ members, espe- 
cially C. and C. members, of both 




M 



a 



q) R, is R--M-C- wherein M is O or S 



i"/ Rj ito Re^-t'JH-C- wherein M is 0 or S , preferably S. 
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types are preferred. Phenylmethyl is the preferred phenyl* 
lower alkyl group. 

The lower -Ikanoyl groups are those having the acyi 
radicals of the lower (Cj-C^) fatty acids, for example * 
acetyl « propionyl, butyryl, isobutyryl and the like. Similarly, 
those lower alkanoyl groups having up to four carbons, and 
especially acetyl, are preferred. 

The four common halogens are included by the term 
"halo** but chlorine and bromine are preferred. The substi- 

10 tuted phenyl groups preferably bear the substituent in the 
4-position of the ring. The hydroxy- lower alkyl groups 
have a hydroxy group on an alkyl chain like those described 
above, preferably on the terminal carbon, e.g., hydroxymethyl, 
2-hydroxyethyl, etj. The amino (carbcxy) lower alkyl groups 
have cnc aisir.c and cnc carbcxy on a Icwcr alhyl gr^iu? such 
as those described above, preferably both on one carbon, 
e.g., on the terminal carbon as in the preferred 2-amino-2- 
carboxyethyl group. 

The products of formula I and the preferred subgroups 

20 can be produced by various methods of synthesis. 

In general, the products of this invention are 
produced by acylating a compound of the formula 
(III) 

H,C (CH) 

! 

HN CH — COR 

with an acid of the formula 

(IV) „ B. 

? 

S — (CH) — CH — COOH 

^ n 

30 
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or its chemical equivalent. 

Thus, the final product c-n be produced not only by direct 
acylation with an aci<. of formula iv but als by intermediate, 
such as (a) w-haloalJcano:.- acids of the formula 



(V) 

X (CH)^ ca COOH 



wherein X is bromo, chloro or iodo. or (b) a tosyloxyalkanoic 
acid, i.e.. X in formula V is tosyloxy (CHj-^^so 0-) 
IC (c) a substituted acrylic acid of the formula 

?4 Rl 



(VI) CH==c COOH 

The product of this acylation is then subjected to displacement 
or addition with the anion of a thiol or thioacid of the 

formula 



SH 



Acylation can also be effected with a thiolactone of the 
formula 

I* I' 

2° (VIII) (CH) CB 

I " I 

s- 4-0 

Wherein n is 1 or 2, or a mercaptoalKanoic acid of the formula 

S— (CH)^— CH— COR 
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^'herein Y is Yi.^ addition, if a product of formula I 

wherein R, is hydroyen is desired, then Y can als be a 



protecting group. "Deprotection" can be effected by 
conventional neans such treatment with hot trif luoroacetic 
acid« cold trif luoromethanesulfonic acid, mercuric acetate, 
sodium in liquid ammonia, zinc and hydrochloric acid or the 
like. For a review of these methods see Methoden der 
Organii:chen Chemie (Houben-Weyl) , Vol. XV, part I, page 
736 et seq. (1974). 

When the acid of formula IV is used as the acylating 
agent, the acylation can be effected in the presence of a 
coupling agent like dicyclohexycarbodiimide or the like, 
cr ths icid can b9 activated by form?.! ^ on of its mixed 
anhydride, symmetrical anhydride, acid chloride, acid 
ester or use of Woodward reagent K, N-ethoxycarbonyl-2- 
ethoxy-1, 2-dihydroquinoline or the like. For a review of the 
methods for acylation, see Methoden der Organischen Chemie 
(Houben-Weyl), Vol. XV, part II, page 1 et seq. (1974), 

Compounds of formula III include, for example, 
proline, hydroxyproline, 4-methylproline, pipecolic acid, 
5-hydroxypipecolic acid, a2etidine-2-carboxylic acid, their 
lower alkyl esters and the like. The acylation of such 
compou:ids is described in greater detail below. 

According to a preferred method for producing compounds 
of formula I, e&pecially wherein R^ is R^-CO-, an acid or 
ester of formula III is covpled with a haloalkanoic acid of 
the foi inula 



protecting group such as 



(C) CH.CONHCH,, (d) R-O-C-CH- (CH) -S- or 
J 2 n 
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•l' J- 

X- (CH) — CH-COOH 
n 

wherein X is a halogen, preferably chlorine or bromine. This 
can be effected by one of the known procedures in which the acid 
IV is activated, prior to reaction with the acid III, involving 
formation of a mixed anhydride, symmetrical anhydride, acid 
chloride, active ester, or use of Woodward reagent K, EEDQ 
(N-ethoxycarbonyl-2-ethoxy-l,2-dihydroxyquinoline) or the 

10 like. 

The product of this reaction is a compound of the 

formula 

(X) 1 3 

R R, H-C (CH)^ 

4 1 j 

X — (CH) CH — CO— N CH-COR 

n 

The product of formula X is subjected to a displacement 
reaction with the anion of a thioacid of the formula 
(VII) 

20 ^2"^" 

yielding a product of the formula 

(XI) 

R, H-C— (CH)^ 

,4 ,1 2, , m 

I • II 

R^ S — (CH) CH -CO— N - CH-COR 

2 n 

IVhen Rj is R^CO, this product can then be converted to 
the product 

(XII) ^3 



30 



R^ R, H-C (CH)^ 

HS — (CH) — CH — CO - N CH-COR 

n 
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by ammonolysis. Wljen Rj is a pr tecting group, then the 
compound of formula XII can be obtained by-deprotection" 
as described above. When R is an ester group (i.e., R 
is lower alkoxy) , the ester group can be removed, e.g., 
when R is tert. butoxy or tert. aroyloxy, by treatment of 
the ester of formula XI or XII with trifluoroacetic acid 
and anisole to give the corresponding free acid. When other 
alJcoxy groups are present, alkaline hydrolysis will yield 
the corresponding acid, 
in A variation of this procedure involves the use of 

an acrylic acid of the formula 

(VI) R R 

CH«C-COOH 

as starting material. This acrylic acid is first converted to 

the acid halide form then made to react witA a compound or 

formula III to obtain a compound of the formula 

(XIII) I 3 

R^ R, H.C (CH)^ 

i' i' 'l I 

CH=C— CO- N CH-COR 

20 and this intermediate is subjected to the addition reaction 
with the thiol or thioacid VII as described above. 
A tosyloxyalkanoic acid of the formula 

(XIV) 

R R. 

CH.-^— S020-(CH>— CH-COOH 
can also be used as the agent to acylate the acid i^i formula 
III, then the acylation product is subjected to the displace- 
ment reaction, etc., as described above. 

The acrylic acid of formula vi can alternatively be 
30 first made to react with the thioacid of formula VII to 
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obtain a product of the formula 
(XV) 

R^-S-CH-CH-COOH 
which is converted to its acid halide, e.g., with thionyl 
chloride, then coupled to the compound of formula III and 
the same sequence as above then followed. 

The acid or ester of formula III can also be. acylated 
with a "protected" form of a w-mercaptoalJcanoic acid of the 
10 formula 

(XVI) R R, 

Ra-S-{CH)^-CH-CCOH 
o n 

wherein is the "protecting" group. Such "protecting- groups 
can taice the form described above. 

Following the acylation, the product can be "deprotected" 
by one fo the known methods referred to above. 

Still another acylating agent can take the form of a 
thiolactone, e.g., 6-propiothiolactone, a-methyl-3-propiothio- 
lactone or the like. 
20 Additional details of preferred modes of producing 

compounds of this invention can be found in the following 
and in the specific examples. 

According to a particularly preferred modification, 
the acid or ester of formula III is acylated with a hale- 
alkanoyl halide of the formula 

'^"> R R, 

I I 

X- (CH)— CH-COX 
n 

wherein each X is independently a halogen, preferably chlorine 
30 or bromine, R^ is hydrogen, lower alkyl or phenyl-lowor alkyl 
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and n is 0, 1 or 2. This reacti n is effected in an alkalin 
medium, e.g., dilute alkali metal hydroxide solution, ai:;ali 
metal bicarbonate or alkali metal carbonate solution at a 
reduced temperature, e.g., about 0° to 15°C. The reaction 
product is subjected to displacement with the anion of the 
thiol or thio acid of the formula VII above, also in alkaline 
medi^im, preferably alkali metal carbonate solution, and then 
worked up in conventional manner. The product of this 
reaction, wherein of foi.*uula I is R^-CO, is converted to 
the product wherein R^ ^® hydrogen by ammonolysis, e.g., 
alcoholic ammonia or concentrated ammonium hydroxide solution, 
or alkaline hydrolysis, e.g., with aqueous metal hydroxide. 
When an acid of formula III is used as starting material, the 
final ^xuducf. oDtained as the free carboxylic acid can then be 
converted tc its ester, for example by esterif ication with 
a diazoalkane, like diazomethane, l-alkyl-3-p-tolyl-tria2ene, 
like l-n-butyl-3-p-tolyltria2ene or the like. Treatment of an 
ester, preferably the methyl ester, with an alcoholic ammonia 
solution, converts the free acid to the amice, i.e., R is NH^. 

According to another variation, an ester, preferably 
the t- butyl ester, of formula III, in an anhydrous medium 
such as dichloromethane, tetrahydrofuran, dioxane or the like, 
is treated with a thioalkanoic ?cid of the formula 
(X'-'III) 

i' 

R^-S-(CH^) CH — COOH 

2 2 n 

in the presence of dicyclohexylcarbodiimide, N,N' -carbonyl- 
bisimidazole, ethoxyacetylene, diphenylphosphoryl azide or 
siPilar coupling agents at a temperature in the range of about 
0 to 10°C. The ester group (H) can then be removed, for 
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example, by treatment with triflu roacetic acid and anisole 

at about room temperature. 

When an ester of formula III (e.g., R is lower 

alkoxy, especially, t-butoxy) is acylated with ^ thiolactone, 

e.g., e-propiothiolactone, a-methyl-B-propiothiolactone or the 

like, the reaction can be effected ir an anhydrous solvent 

like tetrahydrofuran, dioxane, methylene chloride or the 

like at about C. to about room temperature. The ester 

group can be removed with anisole and trif luoroacetic acid 

as described above. m 

ii* 

In similar manner, when is R^-M-C-, products of 

formula I having this substituent are formed by reacting a 

compound of formula XII with the halogenated compound 

H 

(XIX) II 

Rj-M-C-X 

or alternatively reacting a compound of formula X with an 
alkali metal salt or alxaline earth metal salt of the 
formula 
(XX) 

R^-M-C-S-Me 

wherein Me represents the alkali metal or alkaline earth metal. 

M 

When R-» is R--NH-C- , products of formula I having this 
substituent are produced by reacting a compound of formula XII 
with the appropiiotely z\itztit^^zt icccyanate or iso^-hio- 
cyanate of the formula 
(XXI) 

R^-N»C'M 

Alternatively, the same products can be produced by coupling 
an acid of the formula 
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M R. • R, 
I! I* 
Rg-NH-C-S-CCH)— CH-COOH 



HAl35b 



with an amino acid of formula III. 

Compounds of formula I, wherein R^ is lower ^Ikyl, phenyl, 
substituted phenyl, phenyl-lower alkyl, triphenyl- lower alkyl, 
lower alkylthiomethyl or phenyl-lower alkylthiomethyl are 
produced by reacting a compound of formula XII with the 
corresponding halide RjX or by reacting a compound of formula X 
with the corresponding thiol R^SH in the same manner as 
described above. 

Vft*en Rj is lower alkanoylamidomethyl, the product cf 
formula I is produced by condensing a compound of formula XII 
with the corresponding hydroxyme thy 1- lower alkauoylanide of 
the formula 

(YYTTT) Icv'er alhyl-CO-NHCM^'^*^ 

in the presence of an acid catalyst like trif luoroacetic acid. 

Products of formula I wherein Rj is R^-S can be 
prepared by any of the known methods for the synthesis of 
mixed disulfides, e.g., by the reaction of a compound of 
formula (XII) with a thiosulf inate (XXIV) , thiosulfonate (XXV), 
sulfenyl halide (XX-/!) , thiosuifate (XXVII) or sulfenyl 
thiocyanate^ (XXVIII) q 

(XXIV) R^-S-S-Rg , (XXV) R^-S-S-Rg , (XXVI) RgS-X, 

0 

(XXVII) Rg-S-S03H, (XXVIII) R^-S-SCN 

In the particular case wherein R^ is 



R 



|3 

R- CH. (CH) 

,4 |1 I 2 , n 

.c(0) (CH)- CH— CO— N CH-COR, 

P " 
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R/ R^, and R^ arc the same as the corresponding substituents 
in formula Z and p is 0^ the symnietrical disulfides can be 
obtained by direct oxidation of a compound of formula XII 
with iodine. When p is 1 or 2, such products are obtained 
by the stepwise oxidation of the corresponding compound wherein 
p is O. Mixed disulfides are obtained by the foodif ication 
shown in the examples. 

Products of formula I have one or more asymmetric carbons. 
When R^, or R^ is other than hydrogen the carbon to which 
it is attached is asymmetric. These carbon atoms are 
indicated by an asterisk in formula I. The compounds 
accordingly exist in stereoisoroeric forms or in raceroic 
mixtures thereof. All of these are within the scope of 
the invention. The above described synthesis can utili2e 
the racemate cr one cf the enanticmers as starting material. 
When the racemic starting material is used in the synthetic 
procedure, the stereoisomers obtained in the product can be 
separated by conventional chromatographic or fractional 
crystallization methods. In general « the L-isomer with 
respect to the carbon of the amino acid constitutes the 
preferred isomeric form. Also the D-isoroer with respect to 
the a-carbon in the acyl side chain (i.e., the carbon 
bearing R^) is preferred. 

The compounds of this invention form basic salts 
with various inorganic and organis bases which are also 
within the scope of the invention. Such salts include 
ammonium salts, alkali metal salts like sodium and potassium 
salts (which are preferred) , alkaline earth metal salts like 
the calcium and magnesium salts, salts with organic bases, 
e.g. , dicyclohexyl amine salt, benzathine, N-methyl-D-glucamine, 
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hydrabainxne salts, salts with amino .-cids like arginine, 
lysine and the like. The non-toxic, physiologically acceptable 
salts are preferred, although other salts are also useful, 
e.g., in isolating or purifying the product, as illustrated 
in the examples in the case of the dicyclohexylamine salt. 

The salts are formed in conventional manner by reacting 
the free acid form of the product with one or more equivalents 
of the appropriate base providing the desired cation in a 
solvent or medium in which the salt is insoluble, or in 
water and removing the water by freeze drying. By neutralizing 
the salt with an insoluble acid like a cation exchange resin 
in the hydrogen form (e.g., polystyrene sulfonic acid resin 
like uowex 50) or with an aqucsuu^ «ciu and extraction with an 
organic solvent, e.g., ethyl acetate, dichlorome thane or the 
like, the free acid form can be obtained, and, if desired, 
another salt formed- 



15- 



r ( 

1102337 



HAl35h 



Additional experimental details are found in the 
exampler which are preferred embodiments and also serve as 
models for the preparation of other members of the group. 

The compounds of this invention inhibit the conversion 
of the decapeptide angiotensin I to angiotensin II and 
therefore are useful in reducing or relieving angiotensin related 
hypertension. The action of the enzyme renin on angiotcnsinogen, 
a pseudoglobulin in blood plcsma, produces angiotensin I, 
10 Angiotensin I is converted by angiotensin converting enzyme 
(ACE) to -ngiotensin II. The latter is an active pressor 
substance which has been implicated as the causative 
agent in vaiiuu:- loiu^s of hypertension in various mammalian 
species, e.g., rat? ^nd dftos. Thft compounds of this invention 
intCiTvene in the angiotensin (renin) -^angiotensin I -angiotensin li 
sequence by inhibiting angiotensin converting enzyme and reducing 
or eliminating the formation of the pressor substance 
angiotensin 11. Thus by the administration of a composition 
containing one or a combination of compounds of formula I 
20 or physiologically acceptable salt thereof, angiotensin 

dependent hypertension in the species of mammal suffering 
therefrom is alleviated. A sinqle dose, or preferably two 
to four divided daily doses, provided en a basis of about 0.1 to 
100 mg. per kilogram per day, preferably «bcut 1 to 50 = n«r 
kilogram per day is appropriate to reduce blood prccr-.re as 
indicated in the animal model experiments described by 
S.L. Engel, T. R. Schaeffer, M.H. Waugh and U. Rubin, 
Proc. Soc. Exp. Biol. Mcd. lO, 483 (1973). The substance 
is preferably administered orally, but parenteral routes 
such as subcutaneous, intramuscular, intravenous or 
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intraperitoneal can also be employed. 

The compounds of this invention can be utilized to 
achieve the reduction of blood pressure by formulating in 
compositions such as tablets, capsules or elixirs for oral 
administration or in sterile solutions or suspensions for 
parenteral administration. About 10 to 500 mg. of a 
- compound or mixture of compounds of formula I or physiologically 
acceptable salt is compounded with a physiologically 
acceptable vehicle, carrier, excipient. binder, preservative. 
IC stabilizer, flavor, etc., in a unit dosage form as called 

for by accepted pharmaceutical practice. The amount of activ*. 
substa.-.es ir. thes<* compositions or preparations is such that 
a suitable aosage in the range indicated is obtained. 

Illustrative of the adjuvants which may ba incorpot«L*d 
in tablets, capsules and thp like are the following: a binder 
such as gu.*!! tragacanth, acacia, corn starch or gelatin; an 
excipient such as dicalcium phosphate; a disintegrating agent 
such as corn starch, potato starch, alginic acid and the like; 
a lubricant such as magnesium stearate; a sweetening agent 
20 such as sucrose, lactose or saccharin; a flavoring agent such 
as peppermint, oil of wintergrcen or cherry. When the dosage 
unit form is a capsule, it may contain in addition to materials 
of the above type a liquid carriwi: such as a fatiy oil. Various 
other material- may be present as coatings or to otherwise 
modify the physical form of the dosage unit. For instance, 
tablets may be coated with shellac, sugar or both. A syrup 
or elixir may contain the acLive compotmd, sucrose as a 
sweetening agent, methyl and propyl parabens as preservatives, 
a dye and a flavoring such as cherry or orange flavor. 

Sterile compositions for injection can bo formulated 
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according to conventional pharmaceutical practice by 
dissolving or suspending the active substance in a vehicle 
such as water f'^r injection, a naturally occurring vegetable 
oil like sesame oil, coconut oil, peanut oil, cottonseed 
oil, etc., or a synthetic fatty vehicle like ethyl oleate or 
the like. Buffers, preservatives, antioxidants* and the like 
can be incorporated as required. 

The following examples are illustrative of. the invention 
and constitute especially preferred embodiments. All tempera- 
IQ tures are in degrees celsius. 
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Example 1 
1- (2-flenzoylthioacetyl) -L-Prolin'e 

L-Proline (5.75 g.) is dissolved in N sodium hydroxide 
(50 ml.) and the solution is chilled in an ice-water bath. 
Sodium hydroxide 2N (26 ml.) and chloroacetyl chloride (5.65 9.) 
are added and the mixture is stirred vigorously at room 
temperature for three hours. A suspension of thiobenzoic acid 
(7.5 g.) and potassium carbonate (4.8 g. ) in water (50 ml.) 
is added. After 18 hours stirring at room temperature, the 
reaction mixture is acidified and extracted witli ethyl acetate. 
The ethyl acetate layer is washed with water, dried over 
magnesium sulfate and concentrated to dryness in vacuo . The 
residue (14.6 g.) is dissolved in ethyl acetate (150 ml.) and 
dicyclohexylamine (11 ml.) is added. The crystals are filtered 
and recrystallized from ethyl acetate, yield 5.7 g. m.p, 
151-152®. To convert the salt to the acid, the crystals are 
dissolved in a mixture of 5% aqueous potassium bisulfate 
(100 ml.) and ethyl acetate (300 ml.). The organic phase is 
washed once with water, dried over magnesium sulfate and 
concentrated to dryness in vacuo , yield 3.4 5 g. 

Example 2 
1- (2-Mercaptoacetyl ) -L^Proline 

1- (2-Ben2oylthioacetyl)-L-proline (3.4 g.) is dissolved 
in a mixture of water (10.5 ml.) and conccntrateo ammonia (6.4 rr 
After one hour, the reaction mixture is diluted witli water 
and filtered. The filtrate is extracted with ethyl acetate 
and then acidified with concentrated hydrochloric acid, 
caturar.ed with sodium chloride and extracted twice with ethyl 
acetate. The ethyl acetate extracts are washed with saturated 
sodium chloride and concentrated to dryness, yield 1.5 g. 
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The product, 1- (2-mercaptoacetyl ) -L-pr line is crystallized 
from ethyl acetate (m. p. ' 133-135 ). 

Example 3 

1- (2-Benzoylthioacetyl) -L-Proline Methyl Ester 

1- (2-Ben2oylthioacetyl) -L-proline obtained in 
Example 1, is dissolved in methanol and an ethereal solution 
of diazomethane is added until there is a persistent yellow 
color. After 15 minutes, a few drops of acetic «.^:id are 
added and the solvent is removed in vacuo to obtain l-(2- 
benzoylthioacetyl)-L-proline methyl ester. 
Example A 

1- (2-Mercaptoacetyl) -t-Proline Amid e 

The product of Example 3 is dissolved in 10% *T.?thanolic 
ammonia and the solution is stored at room temperature in a 

p&c!Saui,ts buLLle. Wi'ieu Liiiji layex criiOnia LO^iaprtiC aiialy^i^ 

indicates that the two ester functions have been ammonolyzed, 
the reaction mixture is concentrated to dryness to obtain 
1- (2-mercaptoacetyl) -L-proline amide. 

Example 5 

1- (2-Bcnzoylthioacet:yl)-L-Hydroxyprolinc 

By substituting L-hydroxyproline for the L-proline 
in the procedure of Example 1, 1- (2-benzoylthioacGtyl) -L- 
hydroxyproline is obtained. 

1* (2-Mercaptoacetyl) -L-Hydroxyproline 

By treating the product of Example S with ammonia as 
in Example 2, 1- (-mercaptoacetyl ) -L-hydroxyproline is obtained. 
Example 7 

1* (2-Dcnzoylthioacc tyl ) -L-Ay.utiUinc-2-Cnrljcixy 1 ic Acid 

By substi tutinij L-uzctiviinc-^-cjrboxy 1 ic acid for the 
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L-proline in the procedure f Example 1, 1- (2-benzoyl- 
thioacetyl)-L-azetidine-2-carboxylic acid is obtained. 
Example 8 

1- (2-Mercap;:oacetyl)-L*Azetidine-2-Carboxylic Acid 

By treating the product of Example 7 with ammonia 
as in Example 2, 1- (2-mercaptoacetyl) -L-azetidine-2 -carboxyiic 
acid is obtained. - 
Example 9 

1- ( 2-Benzoy 1 thioacety 1 ) -L*pipccolic Acid 

By substituting L-pipecolic acid for the L-proline 
in the procedure of Example 1, 1- (2-ben2oylthioacetyl) -L- 
pipecolic acid is obtained. 

Example 10 
1- (2-Mercaptoacetyl)-L*PipecoIic Acid 

By treating the product of Example 9 with ammonia as 
in Example 2, 1- (2-mercaptoacecyl) -L-pipecolic acid is 
obtained. 

Example 11 
1- (2-Denzoylthiopropanoyl) -L-Proline 

L- Proline (5.75 g. ) is dissolved in aqueous N sodium 
hydroxide (50 ml.) and the solution is chilled in an ice 
bath with stirring. 2N sodium hydroxide (25 ml.) and 2-bromo- 
propionyl chloride (B.b/ g.) are adcitiu j.n LlidL ordeL* «r.d 
the mixture is removed from the ice bath and stirred at room 
temperature for one hour. A mixture of thiobcazoic acid 
(7.5 g.) and potassium carbonate (4.8 g.) in water (50 ml.) 
is added and the mixture is stirred overnight at room 
temperature. After acidification with concentrated hydro- 
chloric acid, the aqueous solution is extracted with ethyl 
c.cetate and the organic phase is washed witli water, dried and 
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c nccntrated t dryness. The residue (14.7 g.) is chroma togrrphed 

on a column of 440 g. of silica gel with a mixture of 

benzene-acetic acid (7:1). The fractions containing the 

desired material are pooled, concentrated to dryness, and the 

residue is precipitated twice with ether-hexane and converted 

to:.a .4icyclohexylamine salt in ether-hexane, yield 9.4 g. 

m.p. /(142) 148-156° Jhe dicyclohexylamine salt is converted back to 

the acid as in Example 1, yield 5.7 g. 

Example 12 

1- {2-MQrcaptopropanoyl)-L-Proline 

1- (2-Ben2oylthiopropanDyl)-L-proline (5.7 q.) is 

dissolved in a mixture of water (12 -nl.) and concentrated 

ammoniuiii hydroxide (9 ml.) with stirring. After one hour, 

the mixture is diluted with water (10 ml.) and filtered. 

The filtrate is extracted twice with ethyl acetate, concentrated 

to one- third of the original volume, acidified with concentrated 

hydrochloric acid and extracted with ethyl acetate. The 

organic phase is washed witn saturated sodium chloride, 

dried and concentrated to dryness in vacuo . The residue, 

1- {2-mercaptopropanoyl)-L-proline, is crystallized from 

o 

ethyl acetate-hexane, yield 3 «j.,m.p. (105) 116-120 . 

Example 13 
1- (3-Denzoylthiopropanoyl)-L-Proiinc 

L-Proline (5.75 g.) is dissolved in normal sodium 
hydroxide (50 ml.) and the solution is chilled in an ice bath. 
3-Bromopropionyl chloride (8.5 g.) and 2N sodium hydroxide 
(27 ml.) are added and the mixture is stirred for 10 minutes 
in the ice bath and three hours at room temperature. A 
suspension of thiobcnzoic acid (7.5 y.) and potassium carbonate 
(4.5 g.) in water ( 50 ml.) is added and the mixture is stirred 
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for 18 hours at r om temperature. After acidification with 
concentrated hydi ^chloric acid/ the aqueous phase is 
extracted twice with ethyl acetate. The organic layers 
are dried over magnesium sulfate and concentrated to dryness 
in vacuo to obtain 1- O-bwnzoylthiopropanoyl) -L-proline, 
yield 7.1 g. , m.p. 101-102^ (ethyl acetate-hexane) . 

Example 14 
L- Proline tert. -butyl ester 

L*Proline (230 g. ) is dissolved in a mixture of 
water (1 1.) and 5 N sodium hydroxide (400 ml.). The solution 
is chilled in an ice bath, and under vigorous stirring, 5 N 
sodium hydroxide (460 ml.) and benzyloxycarbonyl chloride 
(340 ml.) are added in five equal aliquots during a half 
hour period. After one hour stirring at room tempera turc« the 
mixture is extracted twice with ether and acidified with 
concentrated hydrochloric acid. The precipitate is filtered 
and dried. Yield 442 g, m.p. .78-80®. 

The benzyloxycarbonyl-L-proline thus obtained 
(180 g.) is dissolved in a raixture of dichloromethane 
(300 ml.), liquid isobutylene (800 ml.) and concentrated 
sulfuric acid (7.2 ml.). The solution is shaken in a 
pressure bottle for 72 hours. The pressure is released, 
the isobutylene is allowed to evaporate anci the solution is 
washed with 5% sodium carbonate, water, dried over magnesium 
sulfate and concentrated to dryness in vacuo, to cLtain bcnzyloxy- 
carbonyl-L-proline tert. butyl ester, yield 20'j g. 

Benzyloxycarbonyl-L-proline tert.bivtyl ester (205 g.) 
is dissolved in absolute ethanol (1.2 1) and hydrogcnatcd at 
normal pressure with 10% Pd on carbon (10 g.) until only a 
trace of carbon dioxide is observed in the liydrogcn oxit gas 
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(24 h urs). The catalyst is filtered off and the filtrate 
is concentrated in ->acuo at 30 mm, Hy, The residue is 
distilled in vacuo >. to obtain L-proline tert. butyl ester. 

Example IS 

1- (3-Acetvlthiopropanovl)'L-Prolinc tert-buty l Ester 

L-Proline tert-butyl ester (5.13 g.) is dissolved in 
dichloromcthane (40 ml.) and the solution is chilled in an 
ice-water bath. A solution of dicyclohexylcarbodiimidw 
(6.18 g.) in dichloromcthane (20 ml.) is added followed 
immediately by 3-acetyli:hiopropionic acid (4.^5 g.). After 
15 minutes stirring in the ice-water bath and 16 hours at 
room temperature, the precipitate is filtered off and the 
filtrate is concentrated to dryness in vacuo . The residue is 
dissolved in ethyl acetate and washed neutral. The organic 
layer is dried over magnesium sulfate and conueiitiated to 
dryness in vacuo to obtain 9.S g. of 1- (3-acetyl thiopropanoyl)- 
proline tert-butyl ester. 

Example 16 
1" (3-Acetylthiopropanoyl)-L-Proline 

1- (3-Acetylthiopropanoyl) -L-proline-t-butyl ester 
(4.7 g.) is dissolved in a mixture of anisole (34 ml.) and 
trifluoroacetic acid (68 ml.) and the mixture is kept at 
room temperature for one hour. The solvents are removed 
in vacuo and tlie residue is precipitated from ether-hexanc 
several times. The residue (3.5 g.) is dissolved in 
acetonitrile (25 ml.) and dicyclohexylamine (2.8 ml.) is 
added. The crystalline salt is filtered and recrystailized 
from isopropanol. Yield 3.3 g.. m.p, i7t)-i77°. The salt 
is reconverted to 1- {3-acetylthiopropanoy 1 ) -L-proline as in 
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Example 1, yield 1.25 g. , m.p. 8.9-90*^ (ethyl acetate-hexane) . 
Example I'f 

l-(3-HercaptQpropanovl)'L-proline ter t-butvl Ester 

TO a solution of L-proline tert-butyl ester (3.42 g.) 
in dry tetrahydrof uran (10 ml.) chilled in an ice bath, 
propiothiolactone(1.76 g.) is added. After 5 minutes storage in 
the ice bath and threes hours at room temperature, the reaction 
mixture is diluted with ethyl acetate (200 ml.) and washed 
with 5% potassium bisulfate, and water. The organic layer 
is dried over magnesium sulfate and concentrated to dryness in i 
vacuo . The residue 1- (3-mercaptopropanoyl) -L-proline tert- i 
butyl ester is crystallized from ether-hexane . yield 3.7 g., j 
m.p. 57-58^. 

Example 18 
1- (3-Mercaptoproparioyl) -L'Proline * 
Procedure A 

1- (3-Ben2oylthiopropahoyl) -L-proline (4.9 g.) is 
dissolved in a mixture of water (8 ml.) and concentrated ammonium 
hydroxide (5.6 ml.) and the solution is stored with stirring 
under argon for one hour. The reaction mixture is diJuted 
with water, filtered, and the filtrate is extracted with 
ethyl acetate.. The aqueous phase is acidified with concentrated 

• ^ ; Av^T■ACted 

hydrochloric acid, saturate© wxcu oouxu... - 

with ethyl acetate. The organic layers are washed with 
saturated sodium chloride, dried over magnesium i.ulfate, and 
concentrated to dryness in vacuo . The residue , 1- (3-mercapto- 
propanoyl) -L-proline, is crystallized from ethyl acetate 

o 

hexane, yield 2.5 g., m.p. 68-70 . 
Procedure B 

l.(3-Acetylthiopropanoyl) -L-proline (0.8 y.) is dissolved 
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in 5.5 N methc^noiwuc anunonia (5 ml.) and the solution kept 
under argon at room temperature..' After 2 hours the solvent is 
removed in vacuo , the residue is dissolved in water and applied 
to an ion exchange colximn on the H* cyclelDowex 50 (Analytical 
grade)] and eluted with water. The fractions that give thiol 
positive reaction are pooled and concentrated to dryness, 
yield 0.6 g. This product is crystallized from ethyl acetate* 
hexane as in Procedure A to obtain 1- (3-mercaptopropanoyl) -L- 
proline. 
Procedure C 

1- (3-Nercaptopropanoyl)-L-proline t-butyl ester (2.3 g.) 
is dissolved in a mixture of anisole (20 ml.) and trifluoro- 
acetic acid (45 ml.). After one hour storage at roo.-n cer.iierd-ure 
under argon, the reaction mixture is concentrated clry-'usj 
in vacuo and the residue precipicaced from ethyl acctate- 
hexane several times. The residue (1.9 g.) is Jiasclvcd in 
ethyl acetate (30 ml.) and dicyclohexylamine (1.85 ml.) is 
added. The crystalline salt is filtered and recrystallized 
from isopropanol, yield 2 g. m.p. 187-188°. 

The salt is converted to the acid as in Example 1, 
yield 1.3 g. The product is crystallized from ethyl acetate 
hexane as in Procedure A. 
Salts 
Sodium 

1- (3-Mercaptopropanoyl)-L-proline (500 mg.) is dissolved 
in a mixture of water (2.5 ml.) and N sodium hydroxide (2.5 ml.). 
The solution is freeze dried to obtain the sodiur: salt. 
Ma cynesiura 

1- (3-Mercaptopropanoyl) -L-proline (5CC tuq.), 
magnesium oxide (49.5 mg.), and water (10 ml.) are stirred 
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with slight heating until complete soluti n is obtained. 
Then the solvent is removed by. freeze drying to obtain the 
magnesium salt. 
Calcium 

X_(3-Hercaptopropanoyl)-2-proline (500 mg.) is 
dissolved in a mixture of calcium hydroxide (91 mg.) and 
water (10 ml.), and the solution is freeze dried to obtain 
the calcium salt. 
Potassium 

l_(3_Mercaptopropanoyl)-L-prolin€(500 mg.) is 
dissolved in mixture of potassium bicarbonate (246 mg.) 
and water (10 ml.) and freeze dried to obtain the potassium 
salt. 

N*Kethyl-D*Gluct . minc 

1- (3-Mercaptopropanoyl)-L-proline (500 mg.) and 
N-methyl-D-glucamine (480 mg.) are dissolved in water (10 ml. 
and freeze dried to obtain the N-methyl-D-glucaraine salt. 
Example 19 

X, ( 3-Hercaptopropanovl ) -L- Hydroxyprolinc 

By substituting L-hydrcxyproline for the L-proline in 
the procedure of Example 11 and then treating the product 
by Procedure A of Example 18, 1- (3-benzoy Ithiopropanoyl) -L- 
hydroxyproline and l- {3-mercc?topiopanoy 1) -L-hydroxyprolinc, 
respectively, are obtained. 

Example 2 0 

1- (3-MercaptopropanoYl) -L-A2e tidine-2-CarboxYlic Acid 

By substituting L-azetidine-2-carboxy ).xc acid tert- 
butyl ester (prepared by substituting L-a2Ctidinc-2- 
carboxylic acid for the proline in Example 14) for the L- 
proline tert-butyl ester in the procedure of Example 15, 
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treating the pr duct as in iixample'^ 16 anU tiie 1- (3-a.:etyl- 
thiopropanoyl)-L-a2etidine-2-carboxylic acid thus btained by 
Procedure B of Example 18, 1- (3-acetylthiopropanoyl ) -L- 
a2etidine-2-carboxylic acid tert-butyl ester and 1- (3-mercapto 
propanoyl)-L-a2etidine-2-carboxylic acid, respectively, 
are obtained. 

Example 21 

1- ( 3-Mercaptopropanoy 1 ) -L*Pipocolic Acid 

By substituting L-pipecolic acid tert-butyl ester 
(prepared by substituting L-pipecolic acid for the L-proline 
in Example 14) for the L-pro.line tert-butyl ester in the 
procedure of Example 15 ar treating the product by Procedure 
of Example 18, 1- (3-mercaptopropanoyl) -L-pipecolic acid tert- 
butyl ester and 1- (3-mercaptopropanoyl) -V-pipecolic acid, 
respectively, are obtained. 

Example 22 

1- (3-Mercaptopropanoyl) -4-Methyl-L-Proline 

By substituting 4-metnyl-L-proline for L-proline 
in the procedure of Example 13 and then tr*»a»:ing the product 
by Procedure A of Example 18, 1- (3-ben2oyl thiopropanoyl) - 
4-methyl-L-proline and 1- (3-mercaptopropanoyl) -4-mcthyl-L- 
proline, are obtained. 

Example 23 

1- ( 3-Mercaptopropanoy i ) - S-iiyui-oxy-L-rip^col ic AciU 

By substituting 5-hydroxy-L -pipecolic acid for L- 
proline in the procedure of Example 13 and then ^.reating the 
product by the Procedure A of Example 18, 1- ( 3-bc:iZoyl- 
thiopropanoyl) -5-hydroxy-L-pipecolic, and 1- l3-mcrcapto- 
propanoyl) -5-hydroxy-L-pipecolic acid are obtained. 
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Example 24 
1- f 3 -Kcrcap toprocancyl) -D- Proline 

By substituting D-proline for L-proline in the procedure . 
of Example 13 and then treating the product by Procedure A of 
Example 18, 1- (3-benzoylthiopropanoyi) -D-proline and 1- (3- 
cercaptopropanoyl) -D-proline/ m.p. 68-70^, are obtained. 

Example 25 
3-Acetylthio-2-Methylpropanoic Acid 

A mixture of thioacetic acid (50 g.) and methacrylic 
acid (40.7 g. ) is heated on the steam bath for one hour and 
thsn stored at room temperature for 18 liuuttf. After cuiirirmiiig 
by nmx spectroscopy that complete reaction of the methacrylic 
acid has been achieved, the reaction mixture is distilled 

is separated in the fraction with boiling point 128. S -131° 
(2-6 zur-Hg, ) , yield 64 g. 

Example 26 
3-Ben2oylthio*2-Methylpropanoic Acid 

3y substituting thiobenzoic acid for the thioacetic 
acid, in the procedure of Example :25# 3-ben2oylthio-2- 
nethylpropanoic acid is obtained. 

'£xample 27 

3-PhenylacetylthiQ- 2- Methyl propanoic Acid 

3y substituting thiophe.'iy lace tic acid for the 
t.Moacetic acid in the procedure of Example 25, 3-phenyl- 
acetyl thio-2-nethy Ipropanoic acid is obtained. 
Example 28 

1* (3-Acetylthio-2*fr.cthylpropanoyl) "L-Prolinc tort-butyl Ester 

L-Prolirid ccrt-butyl ester (5.1 g.) is dissolved in 
dichlorc-ethane . (40 ml.) and the solution stirred and chilled 
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in an ice bath. Dicyclohexy icarbodiimide (6.2 g.) dissolved 
in dichloromethanp (15 ml.) is added followed immediately 
by a soli tion of 3-acetylthio-2-methy Ipropanoic acid (4,9 g.) 
in dichloromethane (5 ml.}. After 15 minutes stirring in 
the ice bath and 16 hours at room temperature, the precipitate 
is filtered off and the filtrate is concentrated to dryness 
in vacuo . The residue is dissolved in ethyl acetate and washed 
neutral. The organic phase is dried over magnesium sulfate 
and concentrated to dryness in vacuo * The residue 1- (3- 
acetylthio-2-methylpropanoyl)-L-proline tert-butyl ester is 
puiTif ied by column chromatography (silica gel-chloroform) , 
yield 7.9 g. 

Example 29 

Procedure A 

The l-(3-acetylthio-2-methylpropanoyl)-L-proline 
tert-butyl ester of Example 28 (7.8 g.) is dissolved in a 
mixture of anisole (55 ml.) and trif luoroacetic acid (110 ml.). 
After one hour storage at room temperature the solvent is 
removed i n vacuo and the residue is precipitated several 
times from ether-hexane. The residue (6.8 g. ) is dissolved 
in acetonitrile (40 ml.) and dicyclohexylamine (4.5 ml.) is 
added. The crystalline salL x> bulled with fresh acetonitrile 
(100 ml.), chilled to room temperature and filtered, yield 
J. 8 g. , m.p. (165) 187-188^'. This material is rtcrystallized 
from isopropanol. [0)^^-67^ (C 1.4, EtOH) . The crystalline 
dicyclohexylamine salt is suspended in a mixture of 3« aHuuuiia 
potassium bisulfate and ethyl acetate. The organic phase is 
washed with water and concentrated to dryness. T.hc residue is 
cryslallized from ethyl acctatc-hcxane to yield tiic 1- (3-acctyl- 
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thio-2-D-niethylpropanoyl-L-proline,<n. p. B3-8S° (a) ^^-162 (c. U 7 .EtOH) . 

Procedure B 

3-Acetylthio-2-methylpropanoic acid (8.1 cj.) and 
thionyl chloride (7 g.) are mixed and the suspension is stirred 
for 16 hours at room temperature. The reaction mixture is 
concentrated to dryness and distilled in vacuo (b.p. 80*")- 
'This 3-acetylthio-2-methylpropanoic acid chloride (5.4 g.) 
and 2N sodium hydroxide (15 ml.) are added to a solution of 
L-proline (3.45 g.) in normal sodium hydroxide (30 ml.) 
10 chilled in an ice water bath. After 3 hours stirring at 

iooiT. temperature. t.he mixture is extracted with ether, the 

aqueous phase is acidified and extracted with ethyl acetate. 

The organic phase is dried over magnesium sulfate and concentrated 

dryness to obtain 1- (3-acetylthio-2-DL-methyipropanoyl-L- 
proline. 
Procedure C 

Methacrylcyl chloride (4.16 g.) is added to a solution 
of L-proline (3.45 g.) in a mixture of water (100 ml.) and 
sodium bicarbonafi (12 g.) chilled in an ice water bath, with 

20 vigorous stirring. When the addition is completed, the mixture 
is stirred at room temperature for two hours, and then extracted 
.^.^^w cthsr. The aqueous phase is »cidified with N hydrochloric 
acid and extracted with ethyl acetate. The organic phase is 
ccr.centratftd to dryness in vacuo, the residue is mixed with 
thiolacetic acid (3.5 g.), a few crystals of azobisisobuty- 
ronitrile are added and the mixture is heated on the steam bath 
for two hours. The reaction mixture is dissolved in benzene- 
acetic acid (75:25), and applied to a column cC silica gel. 
Elution with the same solvent mixture yields the 1- (3-accLylthio- 

30 2-0L-mcthylpropanoyl)-L-prolinc. 

-31- 
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2I:\umt>lG 30 

1- (3-Dcn20vlthio-2-mGthylpropanoyl) -L'proline tert-butyl Lster 

By substituting 3-benzoylthio-2-methylpropanoic acid for 
the 3-acetylthio-2-methylpropanoic acid in the procedure 
of Example 28/ 1- (3-ben2oylthio-2-methylpropanoy 1 ) -L-proline 
tert. butyl ester is obtained. 

Example 3i 

1" (3-Phcnylacetylthio-2-meth^lpropanoyl) -L-Proline tcrt*butyl Ester 

By substituting 3-phenylacetylthio-2-methylpropanoic 
acid for the 3-acetylthio-2-mesthylpropanoic acid in the 
procedure of Example 28, 1- (3-phenylacetylthio-2*methylpropanoyl)- 
L-proline tert butyl ester is obtained. 

Exar.pl c 32 

1- (3*Ben2oyltMo-2-metftylpropanoyl) -L- proline 

By substituting 1- (3-bcn2oylthio-2-methylpropanoyl)- 
L-jjiuiine tert-butyi ester tor the 1- (3-acetylthiG5 -2- 

methylpropanoyl) -l-proline tert-butyl ester in Procedure A 
of Example 29, 1- (3-ben2oylthio- 2-methylpropanoyl) -L- 
proline is obtained. 

Example 33 

1- (3-PhQnylacetylthio-2-mcthylpropanoyi) -L-proline 

By substituting 1- ( 3-phenylacetylthio- 2-methylpropanoyi) - 
L-proiine tert-butyl estc for 1- (3-acetyl thio-2-methylpropanoyl)- 
L-proline tert-butyl ester in Procedure A of Example 29, 
1- (3-phenylacetylthio-2-methylpropanoyl) -L-proline is obtained. 
£xjn;plc 34 

1- (3-y.ercapto-2-D-methylpropanoyl)-L-Prolin e 

l-(3-Mercapto-2-methylpropanoyl)-L-proiinc is 
obtained by treating the product of each of Examples 29, 32 and 
33 as follows: 
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. • The thioestcr (0.85 g.) i,^ dissolved in 5.5 N 

methanolic ammonia and the solution is Jcept at room temperature 
for 2 hours. The solvent is removed in vacuo and the residue 
is dissolved in water, applied to a io.. exchange column on 
the cycle (Dowex 50, analytical grade) and eluted with 
water. The fractions that give positive thiol reaction arc 
pooled and freeze dried. The residue is crystallized from 
ethyl acetate-hexane, yield 0.3 g. The 1- (3-mercapto-2-0- 
methylpropanoyl-L-proline has m.p. 103-104°, [aj^ -131 

10 (C,2,EtOH). 

Examplg 35 

1- (3-Acetylthio-2-methylpropanoyl)'L-Prolino Methyl lister 

1- (3-Acetylthio-2-methylpropanoyl)-L-proline is 
reacted with an ethereal solution of diazomethane according 
to the procedure described in Example 3 to obtain l-(3-acetyl- 
thio-2-methylpropanoyl) -L-proline methyl estor. 
Example 36 

1- (3"Mercapto-2-mothylpropanoyl) -L-Proline amide 

By substituting 1- (3-acetylthic-2-methylpropanoyl)- 
20 L-proline methyl ester in the procedure of Example 4, 1- (3- 
merc-dpLo-I-atethy Ipropdiiuy 1) -L-proline amide is obtained. 
Example 37 



By substituting 2-benzylacrylic acid for the 
methacrylic acid in the procedure of txample 25, 
thio-2-benzylpropanoic acid is obtained. 

Example 3C 

1- (3*Acetylthio-2-benzylpropanoyl) -L*Prolinc tcru-butyl Ester 

Uy substituting 3-acetylthic-2-be.n2y Ipropanoic acid for 
30 the 3-acetylthio-2-methylpropanoic acid in the procedure of 
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Example 22, 1- {3-acetylthio- i-benzylpropanoyl) -L-proline 
tert-butyl ester is obtained. 

Example 39 

1- (3-AcetylthiG-^*benzylpropanoyl) -L*Proline 

The product of Example 38 is substituted for the l-(3- 
acfetylthio-2-niethylpropanoyl-L-proline tert-butyl ester in 
the Procedure A of Example 29 to obtain 1- (3-acetylthio-2- 
benzylpropanoyl) -L-proline. 

Example 40 

10 1- (3-Mercapto-2-ben2ylpropanoyl) -L 'Proline 

l-(3-Acetylthio-2-ben2ylpropanoyl) -L-proline is treated 
with methanolic ammonia according to the procedure of Example 
34 to obtain 1- (3-mercapto-2-ben2ylpropanoyl) -L-proline as an 
oil, = 0,47 (silica gel, benzene-acetic acid (75:25). 

Example 41 

1. (3.Mercapto^2-methylpropanoyl) -L-Hydroxy Proline 

By substituting L-hydroxy proline tert-butyl ester in 
the procedure of Example 28, treating the product according 
to Procedure A of Example 29 and then continuing as in Example 
20 34, 1- (3-acetylthio-2-methylpropanoyl)-L-hydroxyproline 
tert-butyl ester, 1- (3-acetylthio-2-methylpropanoyl) -L- 
hydroxyproline and 1- (3-mercapto-2-methylpropAnoyl ) -l- 
hydroxyproline, respectively, are obtained. 

Example 42 

1- (3-Mercapto-2-methylpropanoyl) -L-Azetidine-2-Carboxvlic Acid 

By substituting L-azetidine-2-carboxylic acid tert- 
butyl ester in the procedure of Example 28, treating the product 
according to the Procedure A of Example 29 and then continuing as 
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in Example 3^ , 1- (3-acetylthio-2-!!ict.^.ylproi?anoyl) -L-azeticline- 
2-carboxylic acid tert-butyl ester, 1 . 3-acetylthio-2-raethya- 
plopanoyl)-L-a2etidine• 2-carboxvlic acid and 1- ( 3-m#srcapto- 
2-methylpropanoyl-L-a2etidine-2-carboxylic acid are obtained. 
Example 4 3 

1- (3-Mercapto-2-methylpropanoyl) -L"Pipecolic Acid 

By substituting L-pipccolic acid in the procedure of 
Example 28, treating the product according tc Procedure A of 
Example 29 and then continuing as in Example 34 , 1- (3-acetyl- 
10 thio-2-methylpropanoyl)-L-pipecolic acid tert-butyl ester, 

1- (3-acetylthio-2-methylpropanoyl)-L-pipecolic acid and l-(3- 
mercapto-2-methylpropanoyl) -L-pipecolic acid, respectively, 
are obtained. 

Example 4 4 
X- (^-t30n2OYlthiobutanoyl)-L-Proline 

TO a solution of L-proline [2,88 g.) in normal sodium 
hydroxide (25 ml.) chilled in an ice bath, 2N sodium hydroxide 
(12.5 ml.) and 4-chlorobutyryl chloride (3.5 g.) are added. 
The reaction mixture is stirred at room temperature for 3.5 
hours and a suspension of thiobenzoic acid (3.75 g.) and 
potassium carbonate (2.4 g.) in water (25 ml.) is added. After 
overnight stirring at room temperature, the reaction mixture 
is acidified with concentrated hydrochloric acid and extracted 
with ethyl acetate. The organic layer .s dri^U over magnesium 
sulfate and concentrated to dryness in vacuo . The residue 
is chromatographed on a column of silica gel with benzene- 
acetic acid (7:1), The fractions containing the desired n:ctcri«i 
are pooled and concentrated to dryness, yield 1.35 g. A small 
aliquot of this material is dissolved in ethyl acetate and 
dicyclohcxylamine is added until pH 8-10 (on a wet pil paper). 
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The dicyclohexylamine salt crystallizes out, inunediately , m.p. 
159-161 . 

::x^«nple 4 5 
1- (4-Mcrcaptobutanoyl)-L-Proline 

1- (4-Benzylthiobutanoyl)-L-prolinc (1.08 y.) is 
.dissolved in a mixture of water (4 ml.) and concentrated 
ammonia (2.7 ml.). After one hour stirring at room tempera- 
ture, the mixture is diluted with water, filtered, extracted with 
ethyl acetate, and the aqueous phase was concentrated in vacuo . 
This ammonium salt of 1- {4-mercaptobutanoy 1) -L-prolinc is 
purified by ion exchange chromatography on a column of diethyl- 
aminoethyl-Sephadex (cross linked dcxtran) with a gradient 
of ammonium bicarbonate, yield 0.7 g. The ammonium salt is 
dissolved in water (2 ml.) and applied to a column of 
Dowex 50 sulfonic acid resin analytical grade in the 
hydrogen form, and the free acid is e luted with water. The 
fractions containing the desired material (sulfhydryl reagent and 
carboxyl reagent positive) are pooled and freeze dried 
to obtiiin 1- (4-mercaptot)utanoyl) -L-proline. The dicyclo- 
hexyl ammonium salt is produced by the procedure of Example 44, 
m.p. 1S7-158*^, 

I 
I 

Examp le <iG I 

^ t 

'i-5romo-2-Methylbutanoic Acid | 

Ethyl-4-bromo-2-methylbutanoate (G. Jones and J. Wood, i 

Tetrahedron, 21, 2961 (1965)) (1.04 g.) is dissolved in | 

dichJoromethane (50 ml.) and cooled to -10^. Air solution 

of boron tribromide in dichloromethane (50 ml.) is added 

dropwise with stirring and the stirring is continued for 

1 hour at -10*^ and 2 hours at 25°. The reaction is terminated 
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by the careful addition of water. The layers are separated 
and the organic phase is washed with water, dried and concen- 
trated to dryness to obtain 4-bromo-2-methylbutanoic acid. 
E xample 4 7 

1- (4*Dcn zoylthio-2-!nethylbutanoyl)-L-Prolino 

a) 4-Bromo-2-methylbutanoic acid (8 g.) and thionyl chloride 
(7 g.) are mixed and the mixture is stirred for IC hours at roc 
temperature. The reaction mixture is concentrated to dryness 
and distilled i n vacuo . 

b) To a solution of L-proline (2.88 g.) in normal sodium 
hydroxide (25 ml.) chilled in an ice bath, 2N sodium hydroxide 
(12.5 ml.) and the 4-bromo-2-methylbutanoic acid chloride 
obtained in part (a) (3.9 g.) are added. The reaction 

mivfurp -e^i^-T-o^ ^^^^ _ ^ e *. . < 

- - ------- --^ww... «.w..*|i.*«^^tt J.J iiuui'S ciiiu u 

suspension of thinbenzoic acid (3.75 g. ) and potassium 
carbonate (2.4 g.) in water (25 ml.) is added. After overnight 
stirring at room temperature, the reaction mixture is acidified 
with concentrated hydrochloric acid and extracted with ethyl 
acetate. The organic layer is dried over magnesium sulfate 
and concentrated to dryness in vacuo . The residue is 
chromatographed on a column of silica gel with benzene-acetic 
acid (7:1). The fractions containing the desired product, 
1- (4-bcn2oylthio- 2-rrt«tiiy Ibutunoyi i -L-proline arc pooled 
and concentrated to dryness in vacuo . 

E xample 4 8 

1- (4-Mcrcapto-2-methylbutanoyl) -L-Prolino 

By substituting 1- (4-bcn2oylthio-2-methylbutanoyl} - 
L-proline for the 1- (4-ben2oylthiobutanoyl) -L-proline in 
the procedure of Example 45, 1- (4-mercapto-2-mcthylbutanoyl) - 
L-prcline is obtained. 
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Exanipie 4 9 
4-Bronio*2"ben2y ^butanoic acid 

By substituting ethyl-4-bromo-2-benzylbutanoate 
(prepared by the procedure of G. Jones and J. Wood iTetrahcdron, 
21, 2961 (1965) starting with diethylbrnzylraalonate ] ) for 
the ethyl-4-bromo-2-roethylbutanoate in the procedure of 
Example 46, 4-bromo-2-ben2ylbutanoic acid is obtained. 
Example 50 

1* (4-Denzoylthic-2-ben2ylbutanoyl)-L-Prolinc 

By substituting 4-bromo-2-ben2ylbutanoic acid for 
the 4-bromo-2-methylbutanoic acid in the procedure of 
Example 47, 1- (4-benxoylthio-2-ben2ylbutsnoyl) -L-proline 
is obtained. 

Example 51 

1- (4"Mcrcapto-2-ben2vlbutanoyl)-L-Proline 

By substituting 1- (4-benzoylthio-2-ben2ylbutanoyl)-L- 
proline for the l-(4-benzoylthiobutanoyl) -L-proline, in the 
procedure of Example 45, ] - (4-merc<-ipto-2-benzylbutanoyl) - 
L-proline is obtained. 
20 Example 52 

1- (4-MGrcaytobutanoyl)-L-Hydroxyproline 

By substituting L-hydroxyproline for the L-proline 
in the procedure of Example 4 4 and subjecting the product to 
amroonolysis as in Example 45, 1- (4-benzoylthiobutanoyl) -L-hydroxy- 
proline and 1- (4-mercaptobutanoyl)-L-hydroxyp'olinc, respectively 
are obtained. 

Example 53 

1- (4-Mercaptobutanoyl) -L-A2etidinc-2-CarboxYlic Acid 

Uy substituting L-azcuidinc-2-carboxylic acid for the 
30 L-proline in the procedure of lixample 44 and subjecting the 
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product to ammonolysis as in Example •IS, 1- (4-bcnzoylthio- 
butanoyl) -L-az etidine-2-carboxylic acid and 1- (4-inercapto- 
butanoyX) -L-azetidine-2-carboxylic acid, respectively, are 
obtained. 

Example 54 

1* (4-Hercaptobutanoyl)-L-PipecGlic Acid 

By substituting L-pipecolic acid for the L-prolinc in 
the procedure of Example 4 4 and subjecting the product to 
ammonolysis as in Example 45, 1- (4-bcnzoylthiobutanoyl) -L- 
pipecolic acid and 1- (4-mercaptobutanoyl) -L-pipecolic acid, 
respectively, are obtained. 

Example 55 

1- (3-Acetylthiobutanoyl)-L-Proline tert-butyl Ester 

Oicyclohexylcarbodiimide (6.2 g.) and 1-acetylthio- 
butyric acid (4.86 g.) are added to a solution of L-prolinc 
tert-butyl ester (5.1 g.) in dichlorome thane (60 ml.) stirred 
in an ice bath. After 15 minutes the ice bath is removed 
and the mixture is stirred at room temperature for 16 hours. 
The precipitate is filtered, the filtrate is concentrated to 
dryness and the residue is chromatographcd on a column of 
silica gel with chloroform to obtain 1- (3-acGtylthiobutanoyl) - 
L-proline tert-butyl estftr, yield 5.2 g. 

Example 56 
1- (3-Acetylthiobutanoyl) -L-Proline 

The 1- (3-acetyithiobutanoyl) -L-proline tert-butyl ester 
or Exattiple 55 (5.2 g.) is dissolved in a !T»i.rt*'.«re of trifluoro- 
acetic acid (60 ml.) and anisole (30 ml.) and the solution 

is )cept at xoom temperature for one hour. The solvents are removed 

i 

in vacuo and the residual 1- (3-acetylthiobutanoyl) -L-proline | 
is reprecipitated from ether-hcxane several times, yield ! 
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4 g.. The dicyclohexylaminc salt is made by the procedure 
of Example 44, m.p 175-176^. 

Example 57 
1- (3-Mcrcaptobutanoyl WL-Prolinc 

The 1- (3-acetylthiobutanoyl)-L-proline cf 
Example 56 (0.86 g.) is dissolved in 5.5 N. raethanolic 
ammonia (20 ml.) and the reaction mixture is stored at room 
temperature for 2 hours. The solvent is removed in vacuo 
and the residue chromatographed on an ion excliange column 
(Dowex 50) with water. The fractions containing the desired 
1- (3-ftiercaptouutanoyl)-L-proline are pooled and iyophiiized, 
yield 0.6 g. The dicyclohexylamine salt is produced by the 
procedure of Example 44, m.p. 183-184*^. 

Example 5G 

1- f3- ( [ (Ethoxy)carbonyl3 thiolpropanoyll-L'proline 

Ethyl chloroformate (1.2 g.) is added to a solution of 
3-mercaptopropanoyl-L-proline [2.03 g.) in normal sodium bicar- 
bonate (30 ral.) and the mixture is stirred vigorously at 5*^ 
for one hour, and for two hours at room temperature. After 
acidification with concentrated hydrochloric acid, the mixture 
is extracted with ethyl acetate. The organic phase is 
washed with water, dried over magnesium sulfate, and concentra- 
ted to dryness to yield 1- (3- [ [ (ethoxy ) carbcnyl J thiolpropanoyll - 
L-prolino. 
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Example 59 

1- (3* ( [ (Ethoxy) thiocarbonyll thiol prop anovll-L-proline 

Aqueous 2N sodium hydroxide (25 ml) and 3-bromopropionyl 
chloride (8.5 g) are added to a solution of L-prolinc (5.75 g) * 
in N sodium hydroxide (50 ml) chilled and stirred in an ice 
bath. After five minutes the ice bath is removed and the 
"stirring is continued at room temperature. After three hours 
ethyl xantogenic acid potascium salt (9.6 g) is added and the 
mixture is stirred overnight at room temperature. The solution 
is acidified with concentrated hydrochloric acid and extracted 
with ethyl acetate. The organic layer is concentrated to dry- 
ness and the residue is chromatographed on a column of silica 
gel with a mixture of benzene-acetic acid (7:1) as solvent, to 
yield 1- (3- I [ (ethoxy ^ thiocarbonyl) thiol ?ropanoyl) -L-prolinc. 



m.p. 94-95°. 



Example 60 

1- 13- t [ (Ben2vlthio)carbonyll thiol propanoyll-L-prolin£ 

A solution of benzylthiocarbonyl chloride (11 ml) in 
dioxane (20 ml) is added in five portions to a solution of 
l-(3-mercaptopropanoyl)-L-proline (1.6 g) in normal sodium 
bicarbonate (24 ml) chilled in an ice bath, over a period of 
30 minutes. The ice bath is removed and the stirring is 
continued for 2.5 hours at room temperature. After acid- 
ification with concentrated hydrochloric acid, the aqueous 
phase is extracted with ethyl acetate. The organic phase 
is dried over magnesium sulfate and concentrated to dryness 
to yield 1- ( 3- ( I (benzylthio) carbonyl] thiol propanoyi ) -L-proline. 
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Example 61 

1- f3- f [ (Ethylthiol thiocarbonyl) thiol propa noyll-L-proline 

Aqueous 2U sodium hydroxide (25 ml) «nd 3-bromopropionyl 
chloride (8.5 g) arc added to a solution of L-prolinc (5.75 g)- 
in N sodium hydroxide (50 mi) chilled and stirred m an ice 
bath. After five minuucs, the ice bath is removed and the 
'stirring is continued at room temperature. After three hours, 
ethyl trithiocarbonate potassium salt (10.5 g) is added and 
the mixtur- is stirred at room temperature overnight. After 
^0 acidification with concentrated hydrochloric acid, the mixture 
is extracted with ethyl acetate. The organic layer is dried 
over .magnesium sulfate and concentrated to dryness to yield 
1- 13- [ I (cthylthiot!:iocarbonyll thiolFrcpanoyi:-L-proline. 

Example 62 

3- f f (Methylamino)thiocarbonyll thiol propionic acid 

Methylisothiocyanate (4 g) is added to a solution of 

3-rr.ercaptopropionic acid (5.3 g) in a mixture of pyridine 

(250 ml) and 0.5 N sodium hydroxide (100 ml). The solution 
o 

is )tept at 40 tor two hours and concentrated to dryness 
20 in vacuo . The residue is dissolved in water (100 ml.), 

acidified with concentrated hydrochloric acid and extracted 
with ether. The organic phase is concentrated to dryness 
to yield 3- I [ (methylamino) thiocarbonyl ) thiol propionic acid, 
m.p. 86-87®. 
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Example 63 



1- [3- f [ (Methylamino) thiocarbonyll tnio) propanoyl [-L-proline 
tert-butyl ester 

To a solution of L-prolinc tert -butyl ester (1.71 9) and . 
hydroxybenzotriazole (1.35 g) in dichloromethane (10 ml) chilled 
and stirred in an ice bath, dicyclohexylcai:9odiin:idc (2.0G 9) 
and 3-methylaminothiocarbonylthiopropionic acid (1.79 g) are 
added. After 15 minutes » the bath is removed and the stirring 
is continued overnight. The precipitate is filtered off and 
the filtrate is diluted with ethyl acetate and washed neutral. 
The organic phase is concentrated to dryness tc yield 
1- 13- ( ( (methylamino) thiocarbcnyl) thiol propanoyl)-L- proline 
tert-butyl 6ster# m.p. 129-130*^. 

Example 64 

1" [3- [ [ (Methylamino) thiocarbonyl ) thio)propanoyll *Ii*proline 
A) 1- (Methylaminothiocarbonylthiopropanoyl) -L-proline tert- 
butyl ester (O.So 9} is uis>sulved in a mixture of anisole (3.6 
ml) and trif luoroacetic acid (7.5 ml). After one hour at room 
temperature the mixture is concentrated to dryness in vacuo and 
the residue precipitated from cther-hexane three times. This 
material is chromatographed on a column of silica gel with a 
solvent mixture of benzene-acetic acid (75:25) to yield l-(3- 
[ [ (methylamino) thiocarbonyl) thiojpropanoyl) -L-proline, 

» 0.4 (silica gel-benzene :acetic acid (75:25)). The 
dicyclohexylammoniura salt has m.p. 127-129°. 
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B) MethylisotMocyanacc (•< g) is added to a s lution f 3- 
mercaptopropanoyi-L-proline (10.1 g) in a mixture of pyridine 
(250 ml) and 0.5 N sodium hydroxide (100 ml). The solution is 
kept at 40* for two hours and concentrated to dryness in vacuo . 
The residue is dissolved in water (100 ml), acidified with con- 
.centrated hydrochloric acid and extracted with ethyl acetate. 
The organic phase is concentrated to dryness to yield 
1- [3- [ [ (methylamino}t:iiocarbonyll thio)propanoyl)-L-proline. 

Example 65 

10 1- [3* [ f (Ethylamino)carbonyll thiol propanoyl]-L-proline 

Cthylisocyanate (0.45 ml) is added to a solution of 
l-(3-mercaptopropanoyl)-L-proline (1 g) in a mixture of N 
sodium hydroxide (5 ml) and pyridine (5 ml). The solution 
is heated at 40* for four hours and concentrated in vacuo . 
, The residue is distributed between 0.1 N hydrochloric acid 
and ethyl acetate. The organic layer is washed with water, 
dried over magnesium sulfate and concentrated to dryness to 
yield 1- [3- ( I (ethylamino) carbonyl] thioJpropanoylj-L-prolinc. 
The dicyclohexylammonium salt is prepared by adding dicyclo- 

20 hexylamine to a solution of the free acid in ethyl acetate, 
m.p. 150-152^. 

Example 66 

1- 1 3- [ [ (Ethoxy) carbonyl 1 thiol -2-mcthylprot*jnoyl | -L-uiolinc 

By substituting 1- (3-mercapto-2-methylpropanoyl) -L-proline 
for the 3-mercaptopropanoyl-L-proline in the procedure of 
Example 58 , 1- 1 3- [ ( (ethoxy I carbonyl] thiol -2-me thy Ipropanoyl 1 
proline is obtained. 
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Example 67 

1- ( 3- [ ( (Ethoxy) carbonyl) thiol butanoyl l-L-prolinc 

By substituting 1- (3-inercaptobutanoyl) -L-proline for the 
3-mercaptcpropanoyl-L-proline in the procedure of Example 58, 1- 
(3- [[ (ethoxy) carbonyl]thio)butanoyl]-L-proline is obtained. 
Example 68 

1- f 3- f [ (Ethoxy) thiocarbonyl ] thiol propanoyl) -L-a2etidine^2r 
carboxylic acid 

By substituting L-a2etidine-2-carboxylic acid for 
L-proline in the procedure of Example 59, 1- [3- [[ (ethoxy)- 

thiocarbonyl) thio]propanoyl)-L-a2etidine-2-carboxylic acid 
is obtained. 

Example 69 

1- [5- [ [ (Ethoxy) thiocarbonyl) thic)propanoyll-L-pipccolic acid 

By substituting L-pipecolic acid for L-proline in the 
procedure of Example 59, 1- 13- 1 1 (ethoxy) thiocarbonyl) thio J pro- 
panoyl J -L-pipecolic acid is obtained. 

Example 70 

1- ( 4- I f ( Donzyl thio) carbonyl ) tUio j butanoy 1 1 -L-pro J inc 

By substituting 4Hnercaptobutanoyl- L-prolinc for the 3- 
mercaptopropanoyl-L-proline in the procedure of Example 60, 1- 
14- ( ( (ben2ylthio)carbonyl)thio)butanoyl)-L-prolinc is obtained. 

Example 71 

1- [2-[ t (DQnzylthio)carbonyl) thiolpropanoyll-L-prolinc 



By substituting 2-roercaptopropanoyl-L-prolinc for the 3- 
mercaptopropanoyl-L-proline in the procedure of Example 60, 1- 
[2- [ ((bcnsylthio) carbonyl) thiol propanoyl I -L-prolinc is obtained. 
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l-l3-[ 1 vEthylthio) thiccarbonyl j thiol Dropan ovX I -L-proiinc methyl ester 

I 

A solution of l-[3-[((ethyXthio)thiocarbonyl)thio)propanoyl:l- | 
L-proXine in ethyl acetate is treated with an ethereal solution 
of diazomothane until persistent yellow color. After discharging 
'the yellow color with a few drops of acetic acid, the solvents I 
are removed in vacuo to yield 1- 1 3- 1 1 (ethylthio) thiocarbonyl) thiol- 
propanoyl J-L-proline methyl ester. 
3^0 Example 73 

1- [3- f f (methvlamino) thiocarbonyl) thiol propanoyl] -5-hydioxy-L- 

pipecolic acid 

By substituting 1- (3-mercaptopropanoyl) -5-hydroxy-L-pipecolic 
acid for the 3-mercaptopropanoyl-L-proline in the Procedure B 
of Example 64,1- [3- [ [ (methylaroino) thiocarbonyll thiolpropanoyl J- 
5-hydroxy-L-pipecolic acid is obtained. 

Example 74 

1- f 3- [ [ (Methylamino) thiocarbonyl 1 thiol - 2-methy Ipropanby 1 1 -L- 
proline amide 

20 By substituting 1- ( 3-mercapto-2-methylpropanoyl) -L-proline 

amide for the 3-mercaptopropanoyl-L-proline in the Procedure D 
of Example 64 , 1- 13- I t (methylamino) thiocaibonyl ] thiol -2-mcthyl- 
propanoyll-L-proline amide is obtained. 

Example 75 

1- I 3- [ [ (Phcnoxv) carbonvl 1 thiol pr opanoyl 1 -L-prolinc 

Dy substituting phenylchlorof ormate for othyl chloro£orma-.e 
in the procedure oC Example 58 , 1- I 3- I ( (phcno>:y)cai:bonyll Uiiol- 
30 propanoyll-L-prolivic is obtained. 
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1" [3- [ [ (Phenox. )carbon v ll thiol butanoyl) -L-proline 

By substituting phenylchloroformate for the ethyl 
chloroforraate and 4-mercaptobutanoyl-L-proline for. the 
3-mercaptopropanoyl-L-proline in the procedure of Example 58, 

1- f3-[I(phenoxy)carbonylJthio)butanoylJ-L-proline is obtained. 

Example 77 

1* f 3- I { (Phenylamino)carbonyll thiolpropanoyl J-L-prolinc 

10 By substituting phenylisocyanate for the ethylisocyanate 

in the procedure of Example 65, 1- (3- { [ (phenylamino) carbonyll - 
thiol propanoyll-L-proline is obtained. 

Example 78 

1- [ 5- [ [ (Phcncthylamino) carbonyl 1 thiol propanoyl ) -L-prolinc 

By substituting phenethylisocyanate for the cthylisocyanate 
in the procedure of Example 65, 1- ( 3- [[ tphcncthylaiuino/ carbonyl 1 - 
thiol propanoyll-L-proline is obtained. 

Example 79 

20 1- [3- [ f (Ethylamino) carbonyl] thiol -2-benzylpropanovI 1 -L-proline 
By substituting 1- (3-mercapto-2-benzylpropanoyl)-L- 
proline for the 1- (3-mercaptopropanoyl) -L-proline in the 
procedure of Example 65, 1- [3- ( ( (ethylaminoicarbonyll thiol - 

2- benzylpropanoyll -L-proline is obtained. 
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Example 80 
1- (3-Methylthiopropanoyl) *L-proline 

A) Methyl 3-methylthiopropioMte (51 g) is saponified with 
a 10% sodium Uydroxide solution (150 ml, 30 minutes at 100»). 
The cooled solution is extracted with ether and then acidified. 
The crude acid thus obtained is distilled and converted to 
the acid chloride with thionyl chloride. 

A solution of L-proline (11.5 g) in N sodium hydroxide (100 cc) 
is chilled in an ice bath and the 3 -methyl thiopropanoic acid 
10 chloride (6.9 g) is added dropwise with vigorous stirring over 
a ten minutes period. After five hours the reaction mixture 
is acidified and extracted with ethyl ether to yield l-(3- 
methylthiopropanoyl) -L-proline. The dicyclohexyl ammonium salt 
is prepared by adding dicyclohexyl amine to a solution of the 
free acid in ethyl acetate, m.p, 169-171*. 



B) Methyl iodide (71 g) is added to a solution of l-(3- 
mercaptopropanoyl) -L-proline ethyl ester (115 g) and sodium 
(11.5 g) in ethanol (400 ml). The reaction is allowed to 
proceed overnight, the ethanol is removed in vacuo and the 
residue is dissolved in a mixture of ethyl acetate and water. 
The organic layex is dried ar.A con-rentratcr? to drynos? in vacuo . 
The resulting 1- (3-methylthiopropanoyl) -L-proline ethyl ester 
(98 g) is suspended in a mixture of methanol (200 ml) and 5 N 
sodium hydroxide (200 ml) and stirred at room temperature for 
five hours. The methanol is removed in vacuo, and the aqueous 
phase is extracted with ethyl acetate, acidified and reextracted 
with ethyl acetate. This last organic phase is washed with 
water, driea and concentrated to dryness to yield 1- (3-methylthio- 
propanoyl ) -L-proline . 



20 
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Example 81 

1- p- (4-Chlorophenylthio) propar ovH -L-proline 

Aqaeous 2 N sodium hydroxide (25 ml) end 3-bromopropionyl 
chloride (8.5 g) ere added to e solution of L-proline (5.75 g) 
in N-sodium hydroxide (50 ml) chilled and stirred in an ice 
bath. After five minutes, the ice bath is removed and the 
stirring is continued for three hours at room temperature. The 
reaction mixture is acidified with concentrated , hydrochloric acid 
ani extracted with ethyl acetate. The organic layer is washed 
with water, dried and concentrated to dryness in vacuo. The 
xealdue is dissolved in a mixture of 4-chlorobenzenethiol (8 g) , 
sodium hydroxide (4.2 g) and ethanol (300 ml). The solution is 
refluxed for 6 hours. The solvent is removed in vacuo and the 
residue is dissolved in water, acidified with concentrated hydro- 
chloric acid and extracted with ethyl acetate. The organic layer 
is washed with water, dried, and concentrated to dryness in 
vacuo to yield l-(3-(4-chlorophenylthio)propanoyl)-l.-proline. 
Example 82 

1. f [ (3-Benivlthiomethvl)thiol propanovl) -L-proline 

I- (3-Mercaptopropanoyl) -L-proline (8.1 g) is dissolved 
in boiling liquid ammonia (100 ml) and small pieces of sodium 
are added until permanent blue color is obtained which is then 
discharged with a small piece of ammonium chloride. Benzyl- 
thiomethyl chloride (6.9 g) is added and the ammonia is allowed 
to evaporate. The final traces of ammonia are reiooved in 
vacuo, ul.* residue is dissolved in water and extracted with 
ethyl acetate. The aqueous phase is acidified with concentrated 
hydrochloric acid and extracted with ethyl acetate. The organic 
layer is washed with water, dried and concentrated to dryness 
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to yield 1- I [ O-oenzylthiomethyl) thiol propanoyl) -L-proii ■*e. 

'Jx ample 83 

1 - f [ f3-Ar«*ta!!iidomethyI) thiolprcaanoyll-L-proline 

l-(3-Mercaptopropanoyl)-L-proline (2 9) and N-hydroxy- 
mcthylacetamide (0.89 g) are dissolved in tri f luoroacctic acid 
(10 ml) and th*? solution is stored at room temperature for one 
hour. The excess trif luoroacetic acid is removed in vacuo and 
the residue is precipitated several times from cthcr-hexanc. 
Finally, the residue is distributed between dilute hydrochloric 
acid and ethyl acetate. The organic layer is washed with water, 
dried and concentrated to dryness to yield 1- { ( (3-acetamido- 
methyl) thio)propanoyll-L-proline, 

Example 84 
1 'iiOthyl thioacetyP-L-proline 

By substituting methyl methylthioacetate for the methyl 
3-methylthiopropionate in the Procedure A of lixample 80, 1- 
Ir-cthylthicacetyD-L-proline, m.p. 123-124*, is obtained. 

Example 85 

1- (Denzylthioacetyl) -L-prolinc 

By substituting bcnzyithioacetyl chloride for the 3-mcthyl- 
thiopropanoyl chloride in the Procedure A of Example 80, 1- 
(benzylthioacetyl) -L-proline, m,p. 86-88*, is obtained. 
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Example 86 

Dy substituting phenethyibromide for the methyl iodide in ■ 
the Procedure O of Example 80. i- (3- H2-phenyiethyii chioiptopanoylj- 

L proline is obtained. 

Example 8? 

1-13-t ITriphenylmcthvl)thiolpropanoyll-L-pro linq 

10 Dy substituting triphenylmethyl chloride for the methyl 

iodide in the Procedure B of Example 80, 1- (3- ( <triphenylmethyl)- 
thioJpropanoyl!-L-proline is obtained. 

Example 88 

i-(3-nethvltln»-2-methvlpr o panovl)-L-proline amide 

By substitutinq 1- (3-mercapto-2-methylpropanoyl) -L-proline 
amide for the l-(3-mercaptopropanoyl) -L-proline ethyl ester in 
the procedure B of Example 80 and eliminating the saponification 
step, l-(3-methylthio-2-methylpropanoyl) -L-proline amide is 

20 obtained. 

Example 89 

X- O-KiethylChiopropanoyl) -L-a^ctidinc-2-carboxylic acid. 

By substituting L-azctidine-2-carboxylic acid for the L- 
proline in the Procedure A of Example 80. 1- (3-methylthiopropanoyl)- 
L-a2etidine-2-carboxylic acid is obtained. 
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Examplg 90 

1" 1 3- ( 4-MGtho.xyplicnyl thio) propanoyl ] -L^prol ino 

By substituting 4-inethoxyben2ene thiol for the .4-chloro- 
benzenethiol in the procedure of Example 81, i- ( 3- (4-methoxy- 
phenylthio) propanoyl ) -L-proline is obtained. 

Exaraolc 91 

1- ( 3-Mothylthiopropanoyl) -L-pipccolic acid 

By substituting L-pipccolic acid for the L-uroline in the 
Procedure A of Example 80 , l- (3-methylthiopropanoyl) -L-pipccolic 
acid is obtained. 

Example 92 

1- [2- { 4-Chlorophenyl thio; '^ixipainjyx j -^-Hi.^^ amc 

By substituting 2-bromopropionyl chloride for the 3- 
broroopropionyl chloride in the procedure of Example 81, 1- 
(2- (4-chlorophenylthio) propanoyl l-L-prolinc is obtained. 
Example 93 

1- [ 3- [ (Diphcnylmcthyl) thiol -2-bcn2yZpropanoy 1 ) )-L-proline 

Diphenylmethanol (0.92 g} ^r.d 1- { 3-mercapuo-2-bcnzylpropanoyl) 
L-proline (1.5 g) are dissolved in tri f luoroacetic acid (10 ml) 
and the solution is kept at room temperature for 30 minutes. The 
excess trif luoroacetic acid is removed in vacuo to yield l-(3- 
l (diphttuylmethyl) thio) -2-benzylpropanoyl J -L-prol inc . 
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Example 94 

X- [4- (4.chlorophenYlthio)butanoyl)-L- proli ne 

By substituting 4-bromopropionyl chloride for the 3- 
bromopropionyl chloride in the procedure of Example 81, l-t4-(4- 
chlorophenylthio)butanoyl]-T -proline is obtained* 
Example 95 

1- ra- [ (Benzyl thiomethvl) thiol butanoyl)- L-proline 

By substituting 3-raercaptobutanoyl-L*proline for the 
3-inercaptopropanoyl-L-proline in the procedure of Example 82, 
{benzyl thiome thy 1) thiol butanoyll -L-proline is obtained. 
Example 96 

1- n 4 - [ (Ac^tamidomethYl) thiol -2-methylbut anovl1-L-proline 

r.y 'iubatituting 1- (4-me^capto-2-methylbutanoyi)- 
: .rcn^ :-:r the 1- O-mercaptopropanoyD-L- proline in the 
procedure of Examp?e 83, 1- 1 (4- (acstamidomethyl) thiol-2- 
methylbutanoyll-L-proline is obtained. 

Example 97 
1- [3* (Ethyldithio) propanoyll -L-proline 

A) 3-Mercaptopropanoyl-L-proline (10 g) is added to a 
solution of ethylthiosulfinate (8.4 g) in methanol (100 ml) 
and the reaction mixture is stirred vigorously at room 
temperature for four hours. The methanol is removed in 
vacuo to yield 1- (3-ethyldithiopropanoyl) -L-proline. 

B) A solution of ethylthiosulfinate (8.4 g) in 

ethanol (50 ml) is added to an aqueous solution of 3-mercapto- 
propanoyl-L-proline (10 g) maintained at pH 6-7 by careful 
addition of sodium hydroxide. The mixture is stirred vigorously 
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at room temperature until negative t.hiol reaction, xhe mix- 
ture is diluted with water, adjusted to pH 8 and extracted 
with ethyl acetate, the aqueous phase is acidified to pH 3 
and extracted again with ethyl acetate. This latter extract 
is washed with water, dried and concentrated to dryness to 
yield 1- [3- (ethyldithio^propanoylj -L-proline. 
Example 98 

1- [3- [ (4-iyethylphenyl)dithiolpropanoyl)''L-proline 

A acl^jr.icn of 4-xnetr;ylphenylsulf enyl chloride (1.76 g. ) 
10 in ether (2 ; tI) is added to a solution of 3-mercaptopropanoyl- 
L-proline {2 g) in 0.5 N sodium hydroxide (20 ml) chilled in 
an ice bath. The mixture is stirred vigorously for one hour, 
and the aqvieoua phcije is separated, acidified with concentrated 
hydrochloric acid and extracted vith ethyl acetate. The organic 
phase is washed with water, dried and concentrated to dryness 
to yield 1- ( [3- (4-methylphenyl)dithioJpropanoyl]-L-proline. 

Example 99 
1- f 3* (Phenyldithio-propanoyll L-proline 

By substituting phenylthiosulfinate [prepared from phenyl- 
20 disulfide according to U. Weber and P. Bartter, Z. Physiol. Chen. # 
351 , 1384 (1970)] for the ethylthiosulf inate in the procedure of 
Example 97, 1- [3- (phenyldithio-propanoyij -L-proline is obtained. 
Example 100 

1- [3- [ (2-Phenylethyl)dithiolpropanoyl]-L-proline 

By substituting 2-phenylethylthio8ulf inate (prepared from 
phenethyldisulfide) for the ethylthiosuf linate in the procedure 
of Example 97, 1- (3- [ (2-pheny let hyl)dithio Ipropanoyl) -L-proline 
is obtained. 
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Rxagple 101 

1- [3- f (2*HydroxvethvH dl \hiol prop a n^vl 1 -L-prollne 

To a solution of (julf Anyl^*»io)-biB- (3-propanoyl) )- 

bia-L->proline (21 g) in methanol (^^0 ml), nercaptoethanol (4. 2 g) 
is added and the reaction mixture i0 stirred vigorously at room 
temperature for four hours. The methanol is removed in vacuo 
and the residue is pruified by chromatography on a silica gel 
column to yield 1- [3- [ (2-hydroxyethyl)^^thio]propanoyl)-L-proline. 

example lt>2 
1- [2- (Ethyldithio)propanoYl|«l>>proline 

By substituting ^-mercaptopropanoyl-L-proline for 3- 
mercaptopropanoyl-L^proline in the procedure of Example 97, 
l-r2-{ethyldithio)propanoyl]-If-proline is obtained. 
Example 103 

1* f3- [ (4-Methylphenyl)dithiolbutanoyll-L-proline 

By substituting 3-Dercaptobutanoyl-L-proline for the 3- 
mercaptopropanoyl-L-proline in the procedure of Example 98, 
l-[3-(4-methylphenyl)dithio]butanoyll-L-proline is obtained. 
Example 104 

l-[3-(Ethyldithio)-2-methylpropanoyl3-L-proline methyl ester 

By substituting 1- (3-mercapto- 2 -methylpropanoyl)-L- proline 
for the 3-mercaptopropaneyl-L-proline in the procediire of Example 
97 and then treating the product with ethereal diazomethane as 
in the procedure of Example 72, 1-13- (ethyldithio)-2-methylpro- 
panoyl]-L-proline methyl ester is obtained. 
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Example 105 

1- f 3- (Ethvldith io) propanoyl] -L-azetidine-2-carboxvlic acid 

By aubatituting 3-mercaptopropanoyl-L-a2etldine-2- 
carboxylic acid for the 3-mercaptopropanoyl-L-proline in the 
procedure of Example 97, 1- 13- (ethyldithio)propanoylJ-L-a2e- 
tidine-2-carboxylic acid is obtained. 

Example 106 

l-[3- [ (4-Methylphe nyl)dithio1-2-methylpropanovl1-L-hydroxvDroline 

By substituting 1- (3-me^capto-2-lnethylpropanoyl)-L- 
hydroxy proline for the 3-mer.':^ptrv»r;jf5^;^ovi.L-prolinc in the 
procedure of Example 98, 1- [ (3- [4-T..e:.hy lph-^yndithlo]-2- 
methylpropanoyl] -L-hydroxyproli:.^ or i wir- v? 

Example 107 
1- f4-^£ thyldithio)butanovll-L-pip eeQlig 

By substituting 4-mercaptobutanoyl-L-pipecolic acid for 
the 3-m«>--^ptopropanoyl-L-proline in the procedure of Example 97, 
l-[4-(ethyldithio-butanoyll-L-pipecolic acid is obtained. 
Example 106 

1- [3- (Ethyldithio) P ropanovll -5-hydroxv-L-pipecolic acid 

By substituting 1- (3-mercaptop^opanoyi;-5-hydroxy-L- 
pipecolic acid for the 3-mercaptopropanoyl-L-proline in the 
procedure of Example 97, 1- [3- (ethyMithiOpropanoylJ-S-hydroxy. 
L-pipecolic acid is obtained. 
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Example 109 
l-t3-[(2-Ajiiino-2-earboxY ethyl)dithiolpr pan 

A 0.5 M solution of thlocyanogen in glacial acetic acid 

is prepared by shaking for ten minutes in a sealed flask 600 mg 

of dry lead thiocyanate with a solution of 75 pi of bromine in 

3 ml of acetic acid. After removal of lead bromide and excess 

lead thiocyanate by centrifugation, 2.5 ml of this solution is 

mixed with 2.5 ml of a 0.41 M solution of cysteine hydrochloride 

previously neutralized with dilute sodium hydroxide. This 

mixture is immediately added to 0.75 ml of a 1.9 M solution of 

3-mercaptopropanoyl.L-proline previously neutralised with dilute 

sodium hydroxide. After twenty minutes the mixture i. titrated 

to incipient brown color with alcoholic iodine, and adjusted to 

PH 3. The precipitate is removed by filtration and the filtrate 

is applied to a column of cation exchange resin (Oowex 50). T.he 

column is washed with water until no more acidic material ia 

removed and then eluted with pyridine-acetate buffer pa 6.0. 

The fractions containing the disulfide of cysteine and 3- 

mercaptopropaaoyl-L-proline are pooled and concentrated to 
20 dryness. 

Example 110 

ltl'-[Dithiobi8)4-Pr opanoyl) l-bis-L-p rnl 

3-.Mercaptopropanoyl-L-proline (0.95 g) is dissolved in 
water (20 ml) and the pH is adjusted to 6.5 with N-sodium 
hydroxide. An ethanolic solution of iodine is addcl drop- 
wise while Mintaining the pH at 6.5 with careful addition 
of K sodium hydroxide. When a permanent yellow color is 
obtained the addition of iodine is stopped and the color 
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is discharged with a small amount of s Jiuin thiosulfatc. 
The reaction mixture is acidified with concentrated hydro- 
chloric acid and extracted with ethyl acetate. The organic 
phase is washed with water, dried and concentrated to dryness 
to yield 1,1 (dithicbis ( 3-propanoylJ J -bis-L-proline. The di- 
cyclohexylammonium salt is prepared by addition of i.:icyclo- 
hexylamine to a solution of the free acid in acctonitrile, 
m.p. 179-180*. 

i^xample 111 

1,1'- (Dithiobis (2-D-met.hy 1-3-prODan o y:.) ] -bis-L- prnl i 

By substituting 3-mercapto-2-D-methylpropanoyl-L- 
proline for the a-mercaptopropanoyl-L-proline in the procedure 
of Example 110, 1 , 1 fdithiobis (2.D-methyl.3-propanoyl) ) -bis- 
L-proline is obtained, m.p. 236-237°. 

Example 112 
1 a ' - f Dithiobis (2-p ropanovl) -bis-L-proline 

fly substituting 2-mercaptopropanoyl -L-proline for the 
3-mercaptopropanoyl-l.-proline in the procedure of Example 110, 
l,l'-fdithiobis(2-propanoyl)J-bis-L-proline is obtained. 

Example 113 

l,r-fDithiobisacetYl) -bi£-L-hvdrQxy proline 

By substituting 1- C-mercaptoacetyl) -L-hydroxyproline 
for the 3-mercaptopropionyi-L.proline in che procedure of 
Example UO, 1,1 ' - (dithiobisacetyl)-bis-L-hydroxyproline is 
obtained. 

Example 114 

l.l*-(Dithiobisacetvl)-bi..T-.,o..^.^^,.^. , ^^^^y^.^ ^^.^ 

By substituting 1- (2-mcrcapuoacet, i ; -:,-a2ctidine-2- 
carboxylic acid for thP 3-mcrcapcopropanoyl-L-proline in the 
procedure of Example 110, 1 , 1 ' - (dithiobisacety 1 ) -bis-:.- 
a2etidinc-2-carboxylic acid ic obtained. 
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E xample 115 

1.1'- f Dithiobis O-propa pny^ \ 1 -bis-L-piPscolic acid 

By substituting S-mercaptopropanoyl-L-pipecolic acid 
for the 3-mercaptopropanoyl-L-proline in the procedure of 
Example 110, 1,1'- (dithiobis O-piopancyl) J -bis-L-pipecolli; 
acid is obtained. 

Example 116 

1 , 1 ' - ( Pi thiobis ( 3'propanovl > 1 -b is-4-methy l-L-prolinc 

10 By substituting 1- ( 3-mercaptopropanoyl) -4-methyl-L-prolinc 

for the 3-mercaptopropanoyl-L-proline in the procedure of Example 
110,1,1'- Idithiobis ( 3-propanoyl ) ) -bis-4-me thyl-L-proline is 
obtained. 

Example 117 

.1,1*- tPi thiobis (3-propanovl) ) -bis-S-hydroxy- L-pi^jccolic acid 

By substituting 1- (3-mcrcaptopropanoyl) -5-hydroxy-L-pipccolic 
acid for the 3-mercAptc?rcpanoyl-L-prolinc in the procedure of 
Example 110 . 1 , 1 • - idithiobis ( 3-propanoyl ) ) -bis-S-hydroxy-L-pipccolic 
20 acid is obtained. 

Example 118 

X , 1 ' - (dithiobis (2 -bcr.syl- 3-propanoyl) i -bi s-L-prol inc 

By substituting 1- ( 3-merca?to-2-benzylpropanoyl) -L-prolins 
for the 3-mercautoprcpar.oyl-l/-proline in the procedure of Exanple 110, 1,1*- 
(dithiobis(2-benzyl-3-propanoyl) 1-bis-L-prolinc is obtdir.c-d. 
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E xample 119 

1 . 1 • - iDithiobis (2-mGthyl-.VDropano Yli ' -bis-L-pii)ccolic acid 

By substituting i- ( 3-n.ercapto-2-n>ethylpropanoyl) -L-pipecoliic 
acid for the 3-mercaptopropanoyl-L-proline in the procedure of 
Example llO. 1. 1 ' - [dithiobis (2-inethyl-3-propa«oyl) 1 -bis-L-pipocolic 

acid is obtained. 

Example 120 
1 . 1 ' - I Pi thiobis ( 4-butanovl) 1 -bis-L-prolinc 

By substituting 4-mercaptobutanoyl-L-prolinc for the 
3-.-nercaptcpropanoyl-L-proline in the procedure of Example 
110, i,i'-ldithiobis(4-butanoyl) )-bis-L-proline is obtained. 

Example 121 

1 . I • - IDi thiobis ( 2-benzvl-4-butanoYl) l-bis-L-proline 



By substituting l- (4-mercapto-2-ben2ylbutanoyl)-L-proline 
for the 3-mercaptopropanoyl-L-proline in the procedure* of 
Example 110 A . 1 ' - Idithiobis (2-ben2yl-4-butanoy 1) 1 -bis-L-proline 
20 is obtained. 

Example 122 
1 .l'-IDithiobisf3-butanoy l> l -bis-L-prolino 

By substituting 3-mercaptobutanoy 1-L-proline for the 
3.merca?topropanoyl-L.proline in the procedure of Example 
110, l.l'MdithiobisO-butanoyl) l-bis-L-proline is obtained. 
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Example 123 

l.l'-CDithiobifl(3-propanoyl>l-bis*L" Proline methyl ester 



A solution of l,l«-(dithiobisC3-propanoyl)l-bi8-L- 
proline in methanol is treated with ethereal diazomethane 
until persistent yellow color. After fifteen minutes « 
few drops of acetic acid are added and the solvents are 
removed in vacuo to yield, l,l'-ldithiobis(3-propanoyl) )- 
bis-L-prcline methyl ester. 

Example 124 

10 1,1'- [Dithiobis ( 3-propanovl) 3 -bis-L-prol in_e_amide 

A solution of l,l*-ldithiobis(3-propanoyl))-bis- 
L-proline methyl ester in methanol is saturated with am- 
monia while cooling in an ice-water bath. Tlie reaction 
mixture is stored for 16 hours at room temperature in a 
pressure bottle, and then the solvents are removed in 
vacuo to yield l,l'-Idithiobis(3-propanoyl) )-bia-L-proline 
amide. 

Example 125 

1,1'- {Dithiobis ( 2-phenyl-3-propanovl ) 1 *bis-L-proline 

20 By substituting 1- (3-mercapto-2-phenylpropanoyl) - 

L-proline for the 3-mercaptopropanoyl-L-proline in the 
procedure of Example 110, 1, 1' - [dithiobis (2-pheni :-3-pro- 
panoyl) )-bis-L-proline is obtained. 
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Example 126 

(Sulfinvlthio)*bis-(3-propanoyl) 3 *bis-L-proline 

While cooling in an ice bath 0.12 mole of peracetic 
acid is added to a stirred solution of 1,1 [dithiobisO- 
propanoyl) ) -bis-L-proline (40 g) in glacial acetic acid 
(500 ml) . The reaction mixture is allowed to stand over- 
night at room temperature and the solvent is then removed 
in vacuo to yield l,l'-l (8ulfinylthio)-bis- (3-propanoyl) J- 
bis-L-proline* 

Example 127 

1,1'- [ (Sulfonvlthio)-bis-(3-propanoyl) 3*bis-L-proline 

A 30% solution of hydrogen peroxide (2.0 ml) is 
added to a solution of 1,1*- (dithiobis (3-propanoyl) ] -bis- 
L-proline (4 q) in glacial acetic acid (80 ml) and the 
solution is stored for thirty hours at room tenders ture. 
The solvent is removed in vacuo to yield 1,1 '- ( (sulfonyl- 
thio) -bis- (3-propanoyl) ] -bis-L-proline. 

Example 128 

!,!*-[ (Sulfinylthio) -bis- (2-propanovl) ] -bis-L-proline 

By substituting 1 , 1 * - (dithiobis (2-propanoyl) J - 
bis-L-proline for the 1,1 Idithiobxs (3-propaAoyl) ] -bis- 
L-proline in the procedure of Exaunple 126, 1,1'- [(sul- 
finylthio) -bis- (2-propanoyl)l -bis-L-proline is obtained. 
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Example 129 



1 > 1 * - ( (Sulf inylthio) -bis-acetyl] *biS"L"a2etidlne-2-carboxy* 
lie acid 

By substituting l»l'-(dithiobi8acetyl}-bi8-L-azeti- 
dine carboxylic acid for the 1^1'- (dithiobia (3-propanoyl) ] - 
bis-L-proline in the procediire of Example 126, l,l'-[(8ul- 
f inylthio) -bis-acetyl]-bl8-L-azetidine-2-carboxylic acid 
is obtained. 



By substituting 1,1* - [dithiobisO-propanoyl) ) -bis- 
4*xnethyl-L-proline for the l,l*-[dithiobi8(3-propanoyl) ]- 
bis-L-proline in the procedure of Example 126, l,l'-[(8ul- 
f inylthio) -bis- (3-propanoyl) ) -bis -4 -ne thy 1-L- proline is 
obtained. 



1 ,1 ' - [ (Sulf inylthio) -bis- (2 -benzyl- 3-propanoyl) ] -bis-L- 
proline 

By substituting 1 ,1 *- {Hi. thiobis ^2-ben2y\-^-propa- 
noyl) ] -bis-L-proline for the 1,1 '-Idithiobis( 3-propanoyl) ]- 
bis-L-proline in the procedure of Example 126, l,l'-I(sul- 
f inylthio) -bis- (2-benzyl-3-propanoyl) J -bis-L-proline is 
obtained. 



1 , 1 ' - [ (Sulf inylthio) -bis- (4-butanoyl) 1 -bis-L-proline 

By cubstituting 1,1'- [dithiobi8( 4-butanoyl) ] -bis- 
L-proline for the l,l'-(dithiobis(3-propanoyl) 1-bis-L- 
proline in the proce'^ure of Example 126, 1 ,1'- [ (sulf inyl- 
thio) -bis- (4-butanoyl) ) -bis-L-proline is obtained. 



Example 130 




>o) "bis- (3-propancyl) ] -bis -4 -methyl -L- 



Example 131 



Example 132 
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Example 133 

1>1'*( (Sulfinvlthio)-bia-(3*butanoyl) )«bis-L-proline 

By substituting 1,1 ' - Idithiobis (3-butanoyl) J-bis-L- 
proline for the l,l'-Idithiobis(3-propanoyl) J-bis-L-proline 
in the procedure of Example 126, l,l'-( (sulfinylthio)-bis- 
(3-butanoyl) J-bis-L-proline is obtained. 

Example 134 

1 , 1 • - f (Sulf invl thio) -bis- (2-methyl-3-propanoyl) -bia-L-pro- 
line 

By substituting 1,1 (dithiobis (2-methyl-3-prop«n- 
oyl) ] -bis-L-proline for the l,l*-ldithiobis(3-propanoi'l) J- 
bis-L-proline in the procedure of Example 126, l,l'-l(8ul- 
f inylthio) -bis- (2-methyl-3-propanoyl) J -bis-L-proline is 
obtained. 

Example 135 

1,1 (Sulf invlt hio) -bis* <2-phenvl-3-propanovl) 1 -bia- L- 
proline 

B> substituting 1,1 Idithiobis (2-phenyl-3-propa- 
noyl)) -bis-L-proline for the 1,1 [dithiobis (3-propanoyl) ) - 
bis-L-proline in the procedure of Ex-unple 126, l,l'-I(sul- 
f inylthio) -bis- (2-phenyl-3-propanoyl) ] -bis-L-proline is 
obtained. 

Example 136 

1- 1 3- ( [ 3- (2-Carboxv-l-pvrroli dinvl) -3-oxopropvl] -dithiol - 

2- methvlpropanovll -L-proline 

By substituting l,l'-{ (sulfinylthio).bis-(2-methyl- 
3-prcpancyl) J -bis-L-proline for the ethylthiosulfinate in 
the procedure of Example 97, 1- [3- ( (3- (2-carboxy.l-pyrro- 
lidinyl) -3-oxopropyl) dithioj -2-methylpropanoyl] -L-proline 
is obtained. 
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Ex.iaple 137 

l>l'-[(Sulf nvlthi )-bis*acetyl)-bis-L-hvdroxyproline 

By substituting 1, 1 (dithiobisacetyl) -bis-L-hy- 
droxy proline for the l,l'-Idithiobis(3-propanoyl)-bis-L- 
proline in the procedure of Example 127, l,l'-t (sulfonyl- 
thio)-bi8-acetyl) -bis-L-hydroxyproline is obtained. 

Exaarple 138 

1 , 1 ' - [ (Sulf onyl thio) -bis- ( 3-propanovl) ] -bia-L-pipecolic 
acid 

By substituting l,l'-Idithiobis(3-propanoyl) )- 
bis-L-pipecolic acid for the 1/1 [dithiobisO-propanoyl) J- 
bis-L-proline in the procedure cf Example 127, l,l*-nsul- 

fonylthio) -bis- ( 3-propanoyl) ) -bis-L-pipecolic acid is ob- 
tained . 

Example 139 

l,l'-[ (Sulfonylthio)-bis-(3-propanoyl) l-bis-5-hydroxv-L- 
pipecolic acid 

By substituting 1,1 •- [dithiobis (3-propanoyl) J -bis- 
5-hydroxy-L-pipecolic acid for tiie 1,1 *- tdithiobis- (3- 
propanoyl) J-bis-L-proline in the procedure of Example 127, 
l,l*-( (sulfonylthio)-bis- (3-propanoyl) ] -bis-5-hydroxy-L- 
pipecolic acid is obtained. 

Example 140 

1 , 1 ' - [ (S ulf onvlthio) -bis- (2-methvl-3-propanovl) ) -bis-L- 
pipecolic acid 

By substituting 1,1*- [dithiobis (2-methyl-3-propa- 
noyl) J -bis-L-pipecolic acid for the 1 , 1' - (dithiobis (3- 
propanoyi) j-bis-L-proiine in the procedure of Example 127, 
1 , 1 • - E (sulf onyXthio) -bis- (2-methyl-3-propanoyl) J -bis-L- 
pipecolic acid is obtained. 
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Example 141 

l>l*-[(Sulf nylthi } -bis- (2-ben2yl-4-butanovl) ) -bis-L- 
pr line 

By subst'* tuting 1,1 ^- (dithiobis (2-ben2yl-4-butan- 
onyl) J -bis-L-proline for the l,l'-Idithiobis(3-propanoyl) )- 
bis-L-proline in the procedure of Example 127, l,l'-I(8ul- 
fonylthio)-bis-(2-ben2yl-4-butanoyin-bi8-L-proline is ob- 
tained . 

Example 142 
3-Acetylthio*2*phenylpropanoic acid 

By substituting 2 -phenyl aery lie acid for the meth- 
acryiic acid in the procedure of Example 25, 3-acetylthio- 
2-phsnylpropanoic acid is obtained. 

1- { 3-ricetylthio-2-pheny Ipropanoyl) -L-proline tert-butyl 
eFtcr ■ — ~ 

By substituting 3- acetyl thio-2-phenylpropanoic acid 
for the 3-acetylthio-2-methylpropanoic acid in the proce- 
dure of Exas^le 28, 1- (3-acetylthio-2-phenylpropanoyl) -L- 
proline tert- butyl ester is obtained. 

Example 143 
1* (3-Mercapto-2-phenylprop<inoyl) -L-proline 

By substituting 1- (3-acetylthio-2-phenylpropanoyl) - 
L-proline tert-butyl ester for the 1- (3-acetylthio-2- 
methyl-propanoyl-L-proline tert-butyl ester in the pro- 
cedure of Exain)le 29, and subjecting the product to am- 
monolysis as in Example 34, 1- (3-acetylthio-2-phenylpro- 
panoyl) -L-proline and l-(3-mercapto-2-pl.enylpropanoyl)-L- 
proline are obtained. 



-66- 



^ 1102337 

Example 144 

l-[3-(Acetylthio)-DL-propanoyl]pipec lie acid 

Pipecolic aL-..d (6.5 g.) is suspended in 200 ml. of 
dimethylacetdmide. 3-acetylthiopropanoyl chloride (8,3 g.) 
is added dropwise at 23** to the suspension. A clear solu- 
tion forms and the temperature rises to 28*. To this clear 
solution is added N-methylmorpholine (10.1 g.). An imme- 
diate precipitate forms and the temperature rises to 34*. 
The mixture is heated on a steam bath for 1 hour when a 
10 clear solution forms. On cooling, the precipitated solid 
is filtered to yield 5.1 g. of 1- [3- (acetylthio) -DL-pro- 
panoyi J pipecolic Auid, w.^- lSO-200**. The solvent is re- 
moved and the viscous residue is triturated with isopropyl 
ether to yield 7.8 g. of product, m.p. 98-101*. Recrystal- 
lization from acetone-hexane yields a constant melting 
solid, m.p. 102-104*; Rf 0.72 [silica gel, benzene, acetic 
acid (7:2)]. 

Example 145 

DL-1- (3-Mercaptopropanoyl) pipecolic acid 

20 12 ml, of concentrated ammonium hydroxide is stirred 

under nitrogen at 10* for about 15 minutes, then solid 1- 
(3- (acetylthio) -DL-propanoyl] -pipecolic acid (C.6 g.) is 
added at 5 to 10*. A clear solution forms after 2-3 min- 
utes. The ice Lath is removed and the solution is stirred 
at room temperature under nitrogen for 45 minutes. The 
sulution is mAde stmngly acid with 20% HCl (coolinq) and 
the precipitated oil is extracted with 3 x 150 ml. of ethyl 
acetate. The ethyl acetate extracts are dried over magne- 
sium sulfate and the solvent is removed to yield 6.0 g. of 
DL-1- (3-mercaptopropanoyl) pipecolic acid, Rf 0.77 [silica 
gel, benzene, acetic acid (7:1)]. 
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Example 146 
1- o-Mercaptopropanoy H-L-pipecolic acid 

By substituting L-pipecolie acid for the DL- 
pipecolic acid in the procedure of Example 144 and then 
submitting the product to the procedure of Example 145. 
l-t3-(acetylthio)propanoyl]-I.-pipecolic acid and 1- (3- 
mercaptopropanoyl)-L-pipecolic acid 0.80 [silica gel. 
benzene, acetic acid (7:1)1. -51-5 <c. 1.0 abs. 

ethanol), are obtained. 

Example 147 

1- f3- (Acetvlthio)-2-met hYlpropanovl-»T-pipecolic acid 

6.5 g. < 0.05 m.) of pipecolic acid are suspended 
in dimethylacetamide (200 mg.), 9.0 g. (0.05 m.) of 
3-acetylthio-2-methylpropanoyl chloride is added dropwise. 
The temperature rises tc 29** and a clear solution forms. 
Then 10.1 g. of N-methylmorpholine is added all at once 
and the temperature rises to 34*. The mixture is heated 
on a steam bath for 1 hour when a clear solution forms. 
This is allowed to ^tand at room temperature overnight 
and the solid which precipitates is filtered to yield 
61 g., m.p. 203-204''. The solvent is removed and the 
viscous residue is triturated with water anri 20\ HCl. The 
yellow oil is extracted with 2 x 150 ml. of ethyl acetate. 
The sthyl acetate extracts are dried over magnesium sulfate 
and removed to yield 14 g. of l- (3- (acetylthio)-2 methyl- 
propanoyl-DL-pipecolic acid as a viscous oil. 
Example 148 

i-(3-Hercapto-2-methvlpropanoyl) -'''f-p»pecolic acid 

Aqueous NH^OH (30 ml. water and 20 ml. cone. NH^OH) 
is stirred under nitrogen at 10° for iS minutes. This is 
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Example 146 

1- (3-Mercap^ " pl•°oanovl> -^■-P^P*g°^^'' acid 

By substituting L-pipecolic acid for the DL- 
pipecolic acid in the procedure of Example 144 and then 
submitting the product to the procedure of Example 145, 
l-(3-(acetylthio)propanoyl]-L-pipecolic acid and l-(3- 
mercaptopropanoyl)-L-pipecolic acid 0.80 [silica gel. 
benzene, acetic acid (7:1)1, (alj*> -51.5 (c, 1.0 abs. 
ethanol) , are obtained. 

Example 147 

1- f 3- (Acetvlth<«W2-methvlp i'» p»novl-DL-PiPecolic acid 

6.5 q. (0.05 m.) of pipecolic acid are suspended 
in dimethylacetamide (200 mg.). 9.0 g. (0.05 m.) of 
3-acetylthio-2-methylpropanoyl chloride is added dropwise. 
The temperature rises to 29'* and a clear solution forms. 
Then 10.1 g. of N-methylmorpholine is added all at o.nce 
and the temperature rises to 34". The mixture is heated 
on a steam bath for 1 hour when a clear solution forms. 
This is allowed to stand at room temperature overnight 
and the solid which precipitates is filtered to yield 
6.1 g.. m.p. 203-20."°. The solvent is removed and the 
visc.o"s residue is triturated with water and 20% HCl. The 
yellow oil is extracted with 3 x 150 ml. of ethyl acetate. 
The ethyl acetate extracts are dried over magnesium sulfate 
and removed to yield 14 g. of 1- (3- (acetylt:..:o)-2-methyl- 
propanoyl-DL-pipecolic acid as a viscous oil. 
Example 14 8 

1-(3-Merca r*-^ hhYlprnpanovl>-Dl-pipee°lig 

Aqueous NH^On (30 ml. water and 20 ml. cone. NH^OH) 
is stirred under nitrogen at 10° for 15 minutes. This is 
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added to 13.0 g. (0.05 m) of 1- {3- (acetylthio) -2- 
™ethylpropanoyll-DL-pipecolic acid and the resulting solution 
i, stirred for 10 minutes under nitrogen; then at roo» 
temperature for 50 minutes. It is then treated with water 
and =0% HCl and the yellow oil extracted with 3 x 150 ml. 
of ethyl acetate. The ethyl acetate extract is dried over 
nagnesium sulfate and removed to yield 11.1 g. l-O" 
mercapto.2-methylpropanoyl)-DL.pipecolic acid as a viscous 
oil. Rf 0.62 isilica gel, benzene, acetic acid <7:2)). 
Example 149 

3- r (4-Methoxy °h^n-|-' r---'' T' ^h^nl-2-methylpropanoic aci d 

p-Methoxy-a-toluene thiol (15.4 g.. 0.1 mol.) is 
added to a solution of methacrylic acid (8.6 g.. 0.1 mol.) 
in 50 ml. 2N sodium hydroxide. The mixture is heated on 
the steam bath for three hours, then refluxed for two 
hours and cooled. The mixture is extracted with ether, then 
the aqueous layer is acidified with concentrated HCl and 
extracted with dichloromethane. The acidic extracts are 
washed with brine, dried (MgSO,) and evaporated in vacuo. 
The resulting semi-solid is ta)cen up in 50 ml. of dichloro- 
methane. diluted with 50 ml. hexane, and chilled. 3- [ (4- 
methoxyphenyl)methylthioj-2-methylpropanoxc acid is 

collected as a white crystalline solid, m.p. 74-82° 

(5.5 g.). 

Example 150 

1- r3- (4-MethoxvphenvUmethvlthiol -3-methvlpropanoyl-L- 

proline tert-butvl ester 

3- r (4-methoxyphenyl)methylthiol-2-methylpropanoic 

acid (3.6 g.. 0.015 mol.). L-proline tert-butyl ester 

(2.6 g.. 0.015 mol.). and dicyclohexylcarbodiimide (3.1 g.. 
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0.015 mol.) are dissolved in 50 ml. of dichloromethane 
and stirred thirty minutes at 0°. The cooling bath is 
removed and the mixture stirred overnight (sixteen hours). 
The resulting suspension is filtered and the filtrate 
washed with 5% potassium bisulfate, saturated sodium bicarbonate 
and brine, then dried (MgSO^) and evaporated in vacuo. 
The resulting clear oil is applied to a 250 ml. silica 
gel column and chroma tographed using 201 ethyl acetate/ 
hexane as eluant. The main fraction (R^ - 0.70, silica ^ 
gel, ethyl acetate) is evaporated Lo 5.5 g. (93%) of 1- | 
[ 3- { 4-mct.hoxyphcny 1) mcthy Ithio] - 2-mct.Vylprcp3noy 1- t-prcl ine \ 
tert-butyl ester as a clear oil. - 0.70 (silica gel, , 
ethyl acetate); R^ • 0.60 (silica gel, ether). 

Example 151 
1- ( 3-Mercapto- 2-methy Ipropanoy 1 ) - L-prol i nc 

The ester from iSxample 150 (1.2 g. , 0.003 mol.), 
anisole (5 ml.) and trif luoromethanesulfonic acid (0.5 ml.) 
are dissolved in 20 ml. of trif luoroacetic acid- under 
nitrogen, and the resulting red solution let stand one hour 
at room temperature. The solution is evaporated in vacuo 
to a red residue which is ta)cen up ethyl acetate and 
washed with water, brine, then dried (MgSO^) and evaporated. 
The residue is repeatedly triturated with hexane and the 
residual hexane evaporated; the oil residue amounts to 
0.4 g. A portion (180 mg.) of this n^aterial is subjected 
to preparative thin-layer chromatography on 2 mm silica gel 
plates using benzene/acetic acid 75:25 as eluant. The 
main nitroprusside-positive band (W^ - ---'"i) rPcnvPrArf, 
affording 135 mg. of 1- (3-mercapto-2-methylpropanoyl ) -L- 
proline as an oil. TLC using benzene/acetic aciJ 75:25 
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(R^ = 0.40) and chloroform/methanol/acetic acid 50:40:10 
(R^ » 0.62). 

Ex«>*nple 152 

1- ( 3-Mercapto- 2- D-methy Iprop anoyl ) -L-prol ine 

under a blanket of argon 1- [3- (acetylthio)-2- 
D-methjlpropanoyl]-L-pi3line (10.0 g.) is slurried in 
water (150 ml.) at 10*^. To this mixture is added 5N 
sodium hydroxide and the pH of the solution maintained 
at 13 for 1.5 hours. After this time, when the uptake 
of sodium hydroxide had ceased, the solution is 
acidified to a pH « 2.0 with concentrated sulfuric acid. 

The aqueous solution is then extracted three 
times wich methylene chloride (3 x 150 ml.) and the 
combined methylene chloride fractions concentrated to 
an oil. The concentrate is takei. up in ethyl acetate, 
filtered and the filtrate diluted with hexane (30 ml.). 
An additional amount of hexane is added after 1/2 hour 
and then the mixture cooled to 10*^ for 1 hour. 

The crystals are filtered and washed with hexane 
(2 X 25 ml.) and dried to constant weight to give 
l-(3-mercapto-2-D-methylpropc -oyD-L-proline as white 

crystals, 6.26 g, , m.p. 100-102®. 

Example 153 
1- [3-To5yloxy-2-Tnethylpropanoyll-L-proline 

By substituting 3- tosyloxy-2-methylpropanoic acid 
chloride for the 3.acetylthio-2-methylpropanoic 
acid chloride in the procedure of Example 29b l-[3- 
tosyloxy-2-methylpropanoylI-L-proline is obtained. 
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Example 154 

1- f 3-AcetYlthio-2-"'g^>*v^P'^°P^" '*Y^'~^"'"^ ^^"^ 

1- (3-Tosyloxy-2-methylpropanoyl)-L-proline 

(3.5 g.) is added to a solution of thiolacetic acid 

(1.14 g.>, and triethylamine (3.5 ml.) in ethyl acetate 

(20 ml.). The solution is maintained at 50° for three 

hours, cooled, diluted with ethyl acetate (100 ml.), and 

washed with dilute hydrochloric acid. The organic layer 

is dried and concentrated to dryness in vacuo. The 

residue is dissolved in acetonitrile and dicyclohexylamine 

is added. The crystalline precipitate is recry8talli2ed 

from isopropanol to yield l- I3-acetylthio-2-D-methyl- 

propanoyl)-L-proline, dicyclohexylamine salt, m.p. 

187-188", ta)" -67° (c 1,4. EtOH) . This salt is 

converted to the free acid, m.p. 83-85° (an isomorphic 

form of m.p. 104-105° is obtained if the cxystallizing 

solution is seeded with high melting material). 

Example 155 

l-(3-MercaptopropanoYH-t'-Pgoli "^- t-butvl ester 

TO a stirred solution of 1.71 g. (10 mmoles) of 
proline t-butyl ester and 1.35 g. (10 mmoles) of 1- 
hydroxybenzotriazole hydrate in 20 mi. of N,N-dimethyl- 
formamide at 0-5° are added 2.06 g. (10 mmole) of N,N'- 
dicyclohexylcarbodiimide. The mixture is stirred for 
10 minutes, followed by the addition of 1.06 g. (10 mmole) 
of 3-mercaptopropanoic acid in 2 ml. of N.N-l^methyl- 
formamide- The mixture is then stirred at 0-5° for 
1 hour, snd at rnrm »ri>mnf>r!»ture overnight. 

The precipitated H.N'-dicyclohcxylurea is 
filtered off, and the filtrate concentrated in vacuo. 
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The residue is taken up in ethyl acetate, washed 
thoroughly with saturated aqueous sodium bicarbonate, 
dried, and concer -.rated in vacuo to 2.5 g. o£ oil. 

The oil is taken up in 1:1 ethyl acetate-hexane 
and applied to a silica gel column (100 g.). Elution 
with 1:1 ethyl acetate-hexane affords 1.40 g. (54%) of 
l.(3-mercaptopropanoyl)-L-proline, t-butyl ester as an 
oil, which crystallizes or. standing. Recrystallization 
from ether-hexane yields 0.9 g. of color? ess crystalline 
solid, m.p. 55-60". identical to the compound of 
Example 17. 

Z xaaple 1S6 
l-O-Hercaptoprops noyD-L-proline 

A solution of 75 mg. (0.27 mmole) of 1- J3- ( t (ethyl- 
a.-,ino)carbonyllthioIpropanoyll-L-proline in 1 ml. each of 
concentrated ammonium hydroxide and water is allowed to 
stand at room temperature for 18 hours under argon. The 
solution is diluted with a small amount of water and 
extracted with ether. The aqueous layer is acidified with 
cold concentrated hydrochloric acid and extracted with 
ethyl acetate. The combined extracts are dried and 
concentrated in vacuo to give a compound identical with 
the product of Example 18. TLC (silica gel; benzene: acetic 
acid 7:3) 0.4. 

Example 157 
Math«crvlovl-I.-Pr61ine 

L-proline (23.0 g. , 0.2 moD .is dissolved in 
100 ml. water and stirred in an ice bath. Methacryloyl 
chloride (19.6 ml.. 0.2 mol. ) in 25 ml. of methyl isobuty) 
ketone is added dropwise over three hours. Sodium hydroxide 
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solution (2N) is added simultane usly, maintaxning the pH 
of the reacti n mixture at 7.0. Addition of base is c n- 
tinued for four hours after addition of acid chloride has 
been completed. The reaction mixture is adjusted to pH 5 
with concentrated HCl and ixtracted with ethyl acetate. 
The aqueous layer is then acidified to pH 2.5 and extracted 
thoroughly with ethyl acetate. The acidic extracts are 
washed with brine and dried (MgSO^) . The ethyl acetate 
solution is treated with dicyclohexylamine (40 ml.) and 
chilled overnight. The resulting white precipitate is 
filtered and dried, yielding 29 g. (39%) of white solid, 
m.p. 202-210**. The solid is crystallized from 1.5 liters 
3:1 acetonitriie/isopropanol to yield 19.7 g. of metha- 
cryloyi-L- proline, dicyclohexylamine salt as fine white 
needles, m.p. 202-210' . 

The salt is dissolved in water/ethyl acetate and 
the mixture acidified with concentrated HCl. The result- 
ing suspension is filtered to remove a fine white preci- 
pitate which is washed well with ethyl acetate, rhe fil- 
trate is saturated with sodium chloride and extracted 
thoroughly with ethyl acetate. The extracts are washed 
with brine, dried (MgSO^) and evaporated to a clear oil 
which solidifies. Crystallization from ethyl acetate/hex- 
ane yields 7.5 g. <83%) of methacryloyl-L-prcline as a 
white crystalline solid, m.p. 89-93». An analytical 
sample is obtained by recrystallization, m.p. 95-98* . 

Example 158 

1- (3-Acetylthio-2-D-methvlpropanoyl)-L-proline 

Methacryloyl-L-proline (183 mg.. O.onm mn: .) is 
dissolved in thiolacetic acid (0.5 ml.) and allowed 
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to stand at ro m temperature for sixteen hours. The 
s lution is evaporated in vacuo t a yell w residue. 
Preparative thin layer chromatography (silica gel, di- 
chlorome thane/me thanol/ace tic acid 90:5:5) allows isolation 
of a clear oil (240 mg.) as the main fraction. TLC (dichloro- 
raethane/methanol/acetic acid 90:5r5) shows this material 
to be 1- (3-acetylthio-2-DL-methylpropanoyl)-L-proline 
corresponding to the product of Example 29B. » 0.35; 

(benzene/acetic acid 75:25) = 0.38. 

The oil is dissolved in 3 ml. acetonitrile, 
treated with dicyclohexylamine until the solution is 
basic, and chilled. A white crystalline solid (106 my.) 
m.p. 175-181°, is collected. Crystallization from \ 
isopropanol gives 1- (3-acetylthio-2-D-methylpropanoyl )- 
L-proline, dicyclohexylamine salt, m.p. 187-188°, 
identical with this product in Example 29A. 
Example 159 

1" [Dithiobis- (2-methyl-3-propanoyl) ]-bis-L-proline 

By substituting 3, 3' -dithiobis-2-methylpropanoic acid 
for the 3-ac9tylthio-2-methylpropanoic acid in the pro- 
cedure of Example 29B, 1- (dithiobis- (2-methyl-3-propanoyl )) - 
bis-L-proline is obtained. 

Example 160 

1- (3-Mercapto-2 — methylpropanoyl) -L-proline 

Zinc dust (10.0 g.) is added to a slurry of the 
product of Example 159 (5.0 g.) in 100 ml. of l.O.U 
sulfuric acid and the mixture is stirred at 18° for four 
hours under a blanket of nitrcgsn. The solution is then 
filtered, the zinc washed with wat*r (20 ml.) and the 
combined filtrates are extracted with methylene chloride 
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(3 X 75 ml. ) . The m thylene chloride washes are back 
extracted with watr- (25 na.) and then the organic 
solution concentrated to an oil. This oil is taken up 
in ethyl acetate (20 ml.) and filtered. Hexane (15 ml.) " 
is adJed to the filtr-^te and the mixture is stirred for 
15 minutes. After this time, an additional volume of^ 
hexane (30 ml.) is added and the solution cooled to 5° 
for 1 hour. The mixture is then filtered, and the product 
is washed with hexane (2 x 10 ml.) and dried to give 4.17 g. 
of white crystals of the product, 1- (3-mercapto-2- 
methy^pi-opanoyl>-I.-p^oline. TLC, = 0.60 

(Solvent system: benzene/acetic acid 75:25). 

Example 161 
3- Benzyl thio- 2-reethvlp ropanoic ac id 

By substituting a-toluenethiol for p-methoxy-a- 
toluenethiol in the procedure of Example 149. 3-benzylthio-2- 
methylpropanoic acid is obtained. 

Example 162 

1 - [ 3- tBenzvl thiol - 2-meth Ylpropanovl 1 -L-prol ine tert . 

20 butyl ester 

By substituting 3-benzylthio-2-mechylpropanoic 
acid for the 3- ( (4-methoxyphenyl)methylthio) -2-methyl- 
propar.cic ac?d in the procedure of Example ISO, 1-13- 
{benzylthio)-2-methylpropanoyll-L-pro:ine tert. butyl ester 

is obtained. 

Example 163 

1- f3- (Ben2vlthio)"2-methvlprop ^nQY^'''^''P'^Q^^"^ 

l-(3-(ben2ylthio)-2-methylpropanoyll-L-proline 

tert. butyl ester (7.8 g.) is dissolved in a mixture of 
30 anisole (55 ml.) and trif luoroacetic acid (110 ml.). After 
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one hour st rage at room temperature, the solv nt is 
removed in vacuo and the residue is dissolved in ether, 
washed several times with saturated sodium chloride, dried 
over magnesium sulfate and evaporated to dryness in vacuo 
to yield 1- (3- (benzylthio)-2-methylpropanoyl] -L-proline. 
R 0.5 (Silica gel. Benzene/acetic acid 3:1) Rf 0.5. 
(Silica gel, Methyl-ethylketone/acetic acid/pyridine/water 
14:1;2:1). 

Example 164 
1- (3-Mercapto-2-methylpropanoyl)-L"proline 

1. (3- (benzylthio)-2-methylpropanoyl) -L-proline 
(0.1 g. ) is suspended in boiling liquid ammonia (10 ml.) 
and small pieces of sodium are added with stirring until 
persistant blue color. The color is discharged with a 
few crystals of ammonium sulfate and the ammonia is allowed 
to evaporate under a current of nitrogen. The residue is 
dissolved in a mixture of dilute hydrochloric acid and ethyl 
acetate. The organic layer is dried and concentrated to 
dryness in vacuo to yield 1- (3-mercapLo-2-methylt»rop<aiioyi) - 
L-proline. R^: 0.35 (Silica gel; Benzene/acetic acid 
3:1) r R^ 0.5 (Silica gel; Methyl-ethyl)cetone/acetic acid/ 
pyridine/water 14:1:2:1) identical to the compound of 
Example 34. 

Example 16S 

3-Triphenylmethy Ithio- 2-methYlpropanoic acid 

A solution of 3-mercapto-2-methylpropanoic acid 
(1.2 g.) and tritylchloride (2.9 g.) in methylene 
chloride (50 ml.) is kept at room terr.pcrazure for 2 hours. 
The mixture is warmed in a steam bath for 20 minutes and then 
evaporated to dryness in vacuo and the residue is dissolved 
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in saturated aque us sodium bicarbonate and the solution 
is washed with ethyl' acetate*. The aque us phase is 
acidified to ?H 3 and extracted with ethyl acetate. The 
organic layer is dried and concentrated to dryness to give 
3-triphenylmethylthio-2-methylpropanoic acid. 0.8 
(Silica gel, Benzene/acetic acid 3:1). 
Example 166 

1- f 3- (Trxuhenvlinethvlthio)-2-raethylpr opanovll-L-proline 

tert. butyl ester 

By substituting 3-triphenyliBethylthio-2-methyl- 
propanoic acid for the 3- [ (4-inethoxyphenyl)roethylthio) - 

2- methyipropanoic acid in the procedure of Example 150, 
1- [3- (triphenylmethylthio)-2-roethylpropanoyl)-L-proline 
tert. butyl ester is obtained. 

Example 167 

1- [3- (Triphenylmethylthio)-2-methylpropanoyl l-L-proline 

3-Triphftnylmethyithio-2-methylpropanoic acid 
(1.8 g.) and N^N'-carbonyldiimidazole (0.8 g.) i.re 
dissolved in tetrahydrofuran (10 ml.) with stirring at 
room temperature. After twenty minutes, the solution is 
added to a mixture of L-proline (0.6 g.) and N-methyl- 
morpholine (1 g.) in dimethylacetamide (20 ml.). The 
resulting mixture is stirred overnight at room temperature, 
concentrated to dryness and the residue dissolved in a 
mixture of ethyl acetate and 10% aqueous potassium bisulfate. 
The organic layer is separated and dried and concentrated 
to dryness in vacuo to obtain 1- [3- (triphenylmethyithio) - 

2- methylpropanoyl)-L-proline. R^: =0.4 (Silica gel. 
Benzene/acetic acid 3:1), R^ 1.0 (Silica gel, Methyl-ethyl- 
)cetone/acetic acid/pyridine/water 14:1:2:1). 
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Example 168 I 
1- ra-Mercapto-r-methvlpropanovD-L-proline 1 

1- [3- (triphenylmethylthio)-2-methylpropanoyl)-L- 
proline tert. butyl ester (5 g. ) is dissolved in a mixture 
of anisole <55 ml.) and trif luoroacetic acid (110 ml.). 
After one hour storage at room temperature, the solvents 
are removed in vacuo and the residue is applied to a 
column of silica gel equilibrated with benzene: acetic 
acid (75:25) ana eluted with the same solvent. The 
fractions corresponding to the component with 0.40 
(TLC silica gel with same system) are pooled and concentrated 
to dryness to yield 1- l3-mercapto-2-methylpro?anoyl)-L- 
proline. 0.62 (silica gel, ch lor o form/me thano 1 : 
acetic acid:water 50:40:10), identical to the compound 
of Example 34. 

Example 169 

3- (Tetrahydropyran-2-vlthio)-2-methylpropan oic acid 

To a solution of 3-mercapto-2-methylpropanoic 
acid (2.4 g. ) and freshly distillled 2, 3-dihydro-4H- 
pyrane (1.9 g.) in benzene (60 ml.), boron trifluoride 
etherate (2.8 g. ) is added. After two hours, potassium 
carbonate (4 g.) is added, the mixture is stirred and 
filtered. The filtrate is concentrated to dryness to 
yield 3- (tetrahydropyran-2-ylthio) -2-methylpropanoic acid. 
Example 170 

1- f3- (Tetrahvdropyran-2-ylthjQl-2-methvlpropan oYll-L-proline 

By substituting 3- (tetrahydropyran-2-ylthio)-2- 
methylpropanoic acid for the 3- triphenylmethylthio-2- 
methylpropanoic acid in the procedure of Example 167, 
1- [3- (tetrahy4ropyran-2-ylthio)-2-methylpropanoyl]-L-proline 



10 
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is obtained. : 0.8 (Silica gel. Benzene/acetic acid 

3:1; R^: 0.75 (Silica gel. Methyl-ethylketone/Acetic acid/ 

pyridine/water; 14:1:2:1). 

Example 171 

^ - ^ 3-Mereapto- 2-mei:hvlpr «r«""Y^ ' -L-proline 

A solution of i-[3-(tetrahydroPyran-2-ylthio)-2- 

„ethylpropanoyl)-L.proline (1 g.) in a mixture o£ methanol 
(25 ml.) and concentrated hydrochloric acid (25 ml.) is 
stored at room temperature for 30 minutes. The solvent, 
are removed in vacuo to yield 1- (3-mercapto-2-methyl- 
propanoyl) -L-proline. R,: 0.35 (Silica gel, Benxene/ 
acetic acid. 3:1). R, 0.5 (silica gel. Methyl-etnyUetone/ 
acetic acid/pyridine/water 14:1:2:1) identical to the 
compound of Example 34. 

Example 172 

^nrrrnr^^ ^»Y->^y^i^-i-f^ett>yi-vrop»Tioic acid 

3-Mercapto-2-methylpropanoic acid (2.4 g.) and 
N-hydroxymethylacetamide (1.8 g.) are dissolved in 
trifluoroacetic acid and the solution is stored at room 
temperature for one hour. The trifluoroacetic acid is 
removed in vacuo and the residue is dried in vacuo over 
potassium hydroxide to yield 3-acetamidomethylthio-2- 
methylpropanoic acid. 

Example 17 3 

1- [3- (Acet»H.idomethvlth io>-2-methvlr-r""Y^^-L-P^'=>l^»'' 
By substituting 3-acetamidomethyl^Mo-2-methyl- 
propanoic acid for the 3- (tetrahydropyran-2-yl thio)-2- 
methylpropanoic acid in the procedure of Example 170 
i- {3- (acetainidomethylthio)-2- 



-80- 



20 



30 



r 

1102337 



HA135b 



methylpropanoyl]-L-pr line is obtained. 0.2 (Silica 
gel. Benzene/acetic .acid 3:1) 0.3 (Silica gel, Methyl- 

ethylketone/acetic acid/pyridine/water 14:1:2:1). 
Example 174 
. 1- (3-Mercapto-2-methylpropanoyl)-L -proline 

1- (3- (acetamidomethylthio)-2-methylpropanoyll-L- 
proline (1.4 g.) and mercuric acetate (1.93 g.) are dissolved 
in a mixture of acetic acid (25 ml.) and water (25 ml.). 
After one hour stirring on the steam bath, hydrogen sulfide 
10 is bubbled through until no more precipitation of mercuric 

sulfide is observed. The mixture is filterd, the precipitate 
is washed with ethanol, and the filtrate is concentrated 
to dryness in vacuo to yield 1- (3-mercapto-2-methylpropanoyl)- 
L-proline. R^: 0.35 (Silica gel, Benzene/Acetic acid 3:1); 
R^ : 0.5 (Silica gel, Methyl-ethyl)cetone/Acetic acid/ 
pyridine/water 14:1:2:1) identical to the compound of 
Example 34. 

Example 175 

l-(3-Mercapto-2-methYlpropanoyl)-L-proline tert . butyl ester 
To the cold (5*^) solution of 1.2 n. (10 rrvMol.i of 3- 
mercapto-2-methylpropanoic acid and 1.7 g. (10 mMol.) of 
L-proline tert. butyl ester in 25 ml. dichloromethane 
2.26 g. of dicyclohexylcarbodiimide in 5 ml. dichloromethane 
is added in portions. After 2 hours at room temperature, 
5 drops of acetic acid are added, the mixture is filtered 
and the filtrate evaporated to an oily residue. This 
residue is taken up in 20 ml. of petroleum ether-ethyl 
acetate (3:1) and applied to a 150 ml. silica gel column 
prepared in petroleum ether. The fraction eluted with 
petroleum ether-ethyl acetate (1:1) contains the product. 
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1- (3-inercapto-2-methylpropanoyl)'L-pr line tert. butyl ester. 
This fr-ction (0.6 g.) is dried ver P^O^ in vacuo for 
12 hours. 0.6 (Silica gel, Benzene/Acetic acid 3:1), 

0.8 (Silica gel, Methyl-ethylketone/acetic acid/pyridine/ 
water 14:1:2:1) . 

Example 176 
1- (3-Mercapto-2-methylpropanoyl)-L*proline 

By substituting 1- (3-mercapto-2-methylpropanoyl) -L- 
proline tert. butyl ester for the 1- (3-raercaptopropanoyl-L- 
proline tert. butyl ester in the procedure of Example 18C, 
1- (3-mercapto-2-methylpropanoyl)-L-proline is obtained. 

0.35 (Silica gel. Benzene/acetic acid 3:1), 0.3 
^Silica gel, Me thyl-ethyl)te tone/Ace tic acid/Pyridine/Water 
14:1:2:1), identical to the compound of Example 34. 
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The racemic form of the final product in any of the 
foregoing examples is produced by utilizing the DL-form 
of the starting amino acid instead of the L-form. 

Similarly, the D-form of the final products in any 
of the foregoing examples is produced by utilizing the D- 
form of the starting amino acid instead of the L-form. 

Example 177 

1000 tablets each containing 100 mg, of l-(2-mer- 
captopropanoyl)-L-proline are produced from the following 
ingredients : 

1- ( 2-Mercaptopropanoy 1 ) -L-proline 100 g . 

Corn starch ^0 g. 

Gelatin 9* 
Avicel (raicrocryst^i-line cellulose) 25 g- 

Magnesiur. stearate 2,5 g. 

The 1- (2-mercaptopropanoyl> -L-proline and corn 
starch are admixed with an aqueous solution of the gelatin. 
The mixture is dried and ground to a fine powder. The 
Avicel and then the magnesium stearate are admixed with 
the granulation. This. is then compressed in a tablet to 
form 1000 tablets each containing 100 mg. of active ingre- 
di. It. 

Example 178 

By substituting 100 g. of 1- (3-mercapto-2-D-methyl- 
propanoyl) -L-proline for the l-(2-mercaptopropanoyl)-L- 
proline in Example 177, 1000 tablets each containing 100 
mg. of the 1- (5-mercapto-2-D-methylpropanoyl-L-prol ine 

are produced. 
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ExaiuplL 179 

1000 tablets each containing 200 mg. of l-(2- 
mercaptoacetyl)-L-proline are produced from the following 
ingredients: 



1- (2-Mercaptoacetyl) -L-proline 


200 


g- 


Lactose 


100 


9- 


Avicel 


150 


g. 


Corn starch 


50 


g- 


Magnesium stearate 


5 


g- 


The 1- (2-mercaptoacetyl) -L-proline, 


lactose 


and 



10 

Avicel are admixed, then blended with the corn starch. 
Magnesium stearate is added. The dry mixture is compressed 
in a tablet press to form 1000 505 mg. tablets each containing 
200 mg. of active ingredient. The tablets are coated with a 
solution of Methocel E 15 (methyl cellulose) including as a 
color a lake containing yellow #6. 

E xampJp? 190 

Two piece #1 gelatin capsules each containing 250 mg. 
of 1- (2-mercaptGpropanoyl) -L-proline are filled with a mixture 
20 of the following ingredients: 

1- (2-iMercaptopropanoyl) -L-proline 250 mg. 

Magnesium stearate 7 mg. 

USP lactose 193 mg. 

Example 181 

An injectable solution is produced as follows: 
1- (2-Mercaptopropanoyl) -L-proline 500 mg. 

Methyl paraben 5 g. 

Propyl paraben 1 g. 

Sodium chloride 25 g. 

30 Water for injection qs. 5 1. 
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The active substance, preservatives and sodium 
chloride are diss Ived in 3 liters of water for injection and 
then the volume is brought up to 5 liters. The solution is 
filtered through a sterile filter and aseptically filled 
into presterilized vials which are then closed with pre- 
sterilized rubber closures. Each vial contains 5 ml. of 
solution in a concentration of 100 rog. of active ingredient 
per ml. of solution for injection. 

Example 

By substituting 100 g. of 1,1* - (dithiobis (2-D-methyl- 
3-propanoyl) ]-bis-L-proline for the 1- (2-mercaptopropanoyl) - 
L-proline in Example 177, 1000 tablets each containing 100 mg 
of the 1,1*- [dithiobis I2-D-methyl-3-propanoyl) ]-bis-L- 
proline are produced. 

Each of the products of the examples can be 
similarly formulated by substituting it for the active 
ingredient in Examples 177, 179, 180 or 181. 
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The embodi -fints of th- invention in which an exclusive 
property or privilege is claimed are defined as follows 

1. A process for preparing a compound of the formula 

R4 j^l «2j 

HS (CH)^ CH CO N CH COR 

wherein R is hydroxy, or lower alkoxy; R^^ and R^ each 

is hydrogen, lower alkyl, phenyl or phenyl -lower alkyl; R^ 
is hydrogen, hydroxy or lower alkyl; m is 1, 2 or 3; n is 
0, 1 or 2; and basic salts thereof, characterized by remov- 
ing the sulfur protecting group Y from a compound of the 
formula 

]' 

N fl "2? 



(CH)^ CH CO N CH COR 



2, A process according to claim 1 wherein a compound 
of the formula 



R5— S (CH) CH CO N CH COR 



1 I '\ I 

n 

wherein R^ is C^-C^ alkyl or phenyl and is hydrolyzed to form 
a product of the formula 



HS (CH)^ CH CO N CH COR 

3. A process according to claim 1 wherein a compound 
of the formula 

l' j ^ I I 
CH3O—/ O V— CH, S (CH) „ CH— CO-N in-COH 
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treated with trif lur-omethanesulfonic acid and triflu roacetic 



acid t form 



HS (CH) — CH CO N CH COR 

n 



4. A process according to claim 1 wherein a compound of 
the formula 

I I II 

ILs (CH) ^ CH CO N CH COR 



is hydrolyzed to fona 



HS 



(CH) — CH CO N CH COR 



n 



5. A process according to claim 1 wherein a compound of 
the formula 

R4 Ri CH2— «j:H2)m 

CH3CONHCH2 S (CH) ^ CH CO-N CH COR 

is treated with mercuric acetate to form a compound of the 
formula 



HS (CH) CH CO N CH COR 

n 



6, A process according to claim 1 wherein the protecting 
group y is removed from a compound of the formula 

I' Cl 

y CHj CH CO N COR 

to form a product or the formula 



87 



1102337 



K 

1 



HS CH^ CH CO N LcOR 



7. A process according to claim 1 wherein a compound of 
the formula 



r n 

3 CH . CH CO N L 



R ^ CO S CH 2 CH CO N "-COR 

is hydrolyzed to form a product of the formula 
?1 



' Cl 

, CH— CO N L 



HS CHj CH— CO N L-cOR 



8. A process according to claim 1 wherein a compound of 
the formula 



O- I Q 

k.^^S CHj CH CO N L 



COR 



is hydrolyzed to form a product of the formula 



r Q 

HS CH CH CO N L 



t:oR 



9. A process according to claim 1 wherein a compound of 
the formula 

CH, 



CH ^ CH CO N L 



R5 CO— S CHj CH CO N l-COR 

is subjected to hydrolysis to form a product of the formula 

HS CHj CH CO N 1 — COR 



10. A process according to claim 1 wherein 1- (2-ben2oylth? o- 
acetyl)-L-proline is hydrolyzed to form 1- (2-mercaptoacetyl ) - 
L-proline. 
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11. A process according to claim 1 wherein l-(3-acetyl- 
thiopropanoyl) -L-proline is hydrolyzed to form 1- (3-mercapto- 
propanoyl ) -L-prolinc . 

12. A process according to claim 1 wherein l-(3-acetyl- 
thio-2-methylpropanoyl) -L-proline is hydrolyzed to form l-(3- 
mercapto-2-methylpropanoyl) -L-proline. 

13. A process according to claim 1 wherein l-(3-acetyl- 
thio-2-D-methylpropanoyl) -L-proline is hydrolyzed to form l-(3- 
inftrcapto-2-D-methylpropanoy 1 ) -L-proline . 

14. A process according to claim 1 wherein 1- (3-benzoyl- 
thio-2-methylpropanoyl) -L-proline is hydrolyzed to form l-(3- 
mercapto-2-methylpropanoyl) -L-proline . 

15. A process according to claim 1 wherein 1- (3-benzoyl- 
thio-2-D-methylpropanoyl) -L-proline is hydrolyzed to form l-(3- 
mercapto-2-D-methylpropanoyl) -L-proline. 

16. A process according to claim 1 wherein 1- (4-benzoyl- 
thiobutanoyl) -L-proline is hydrolyzed to form 1- (4-mercapto- 
butanoyl ) -L-proline . 

17. A process according to claim 1 wherein l-(4-acetyl- 
thiobutanoyl) -L-proline is hydrolyzed to form 1- (4-mercapto- 
butanoyl ) -L-prol ine . 

18. A process according to claim 1 wherein l-(3-acetyl- 
thiopropanoyl) pipecclic acid is hydrolyzed to form l-(3- 
mercaptopropanoyl) pipecolic acid . 

19. A process ac-cordxng to claim 1 wherein 1- ( 3- (acetyl- 
thio) -2-methylpropanoyl] pipecolic acid is hydrolyzed to forml-(3- 
mercapto-2-methylpropanoyl ) pipecolic acid . 

20. A process according to claim 1 wherein 1 - ^ 3- (4-methoxy- 
phenyl ) methylthio] -2-methylpropanoyl-L-proline is treated with 
trif luoromethanesulfonic acid to form 1- ( 3-mercapto-2-methyl- 
propanoyl) -L-proline . 
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21. A process according to claim 1 wherein 1- (3- (acetyl- 
thio)-2-D-methylpropanoyl) -L-prolinc is hydrolyzed with sod- 
ium hydroxide to f^rm 1- { 3-inercapto-2-D-methylpropanoyl) -L- 
proline. 

22. A process according to claim 1 wherein 1* (3- [ [ (ethyl 
amino) carbonyl) thiol propanoyl] -L-proline is hydrolyzed to 
form 1- ( 3-mercaptopropanoyl ) -L-prol ine . 

23. A process according to claim 1 wherein 1- (3- (benzyl- 
thio) -2 -methylpropanoyl) -L-proline is treated with sodium in 
liquid ammonia to form 1- (3-mercapto-2-methylpropanoyl) -L- 
proline. 

24. A process according to claim 1 wherein H 3-triphenyl- 
methylthio-2-methylpropanoyl) -L-proline is treated with tri 
fluoroacetic acid to form 1- (3-roercapto-2-methylpropanoyl) - 
L-proline to form 1- (3-mercapto-2-methylpropanoyl) -L-proline . 

25. A process according to claim 1 wherein l-[3-(tetra- 
hydropyran-2-ylthio> -2-methylpropanoyl) -L-proline is hydro- 
lyzed to form 1- (3-mercapto-2-'nethylpropancyl) -L-prclinc. 

26. A process according to claim 1 wherein l-(3-acetyl- 
thio-2-methylpropanoyl) -L-proline is hydrolyzed with aqueous 
ammonium hydroxide or sodium hydroxide to form 1- (3-mercapto- 
2-methylpropanoyl) -L-proline. 

27. A process according to claim 1 wherein 1- (3 -benzoyl- 
thio-2-roethylpropanoyi) -L-proline is hydrolyzed witii aqueous 
ammonium hydroxide or sodium hydroxide to form 1- (3-mercapto- 
2-methylpropanoyl) -L-proline. 

28. A compound of the formula 

I 

R, H.C— -(Ctf)„ 

I I 'I I " 

HS (CH)^ CH CO N CH COR 

n 
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wherein R is hydroxy, NH^ or lower alkoxy; and each 
is hydrogen, lower alkyl, phenyl or phenyl- lower alkyl; R^ 
is hydrogen, hydroxy or lower alkyl; m is 1 , 2 or 3 ; n is 
0, 1 or 2; and basic salts thereof, whenever prepared by 
the process of claim 1. 
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29. A compound as in claim 28 having the formula 

r r II 

HS (CH) CH CO N CH COR 

n 

whenever prepared by the process of claim 2. 

30, A compound as in claim 28 having the formula 

«4 ""l ^»2— <'f"2>m 



KS (CH) CH CO N CH: OOR 

n 

whenever prepared by the process of claim 3. 

31. A compound. ^s in claim 28 having the formula 

R. R, CHr— (CH,)^ 

r I' iM 

HS (CH) CH CO N CH COR 

n 

whenever prepared by the process of claim 4. 

32. A compound as in claim 28 having the formula 



HS (CH) CH CO N CH COR 

whenever prepared by the process of claim 5. 

33. A compound as in claim 28 having the formula 

HS CH^ CH CO N L-COR 

whenever prepared by the process of claim 6. 

34. A compound as in claim 28 having the formula 
Rl 



' Cl 

HS CHj CH CO N L-COR 

whenever prepared by the process of claim 7. 



92 



I 



1102337 

HA13Sa 

35. A compound as in claim 28 having the formula 

HS CH^ CH CO N ^OR 

whenever prepared by the process of claim 8. 

36. A compound as in claim 28 having the formula 

HS CHj CH CO N ^COR 

whenever prepared by the process of claim 9. 

37. A compound as in claim 28 having the name l-(2- 
mercaptoacetyl)-L-proline, whenever prepared by the process 



38. A compound as in claim 28 having the name l-(3- 
mercaptopropanoyl)-L-proline, whenever prepared by the 

process of claim 11. 

39. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl)-L-proline, whenever prepared by 

the process of claim 12. 

40. A compound as in claim 28 having the name l-(3- 
mercapto-2-D-i«ethylpropanoyi)-L-proline, whenever prepared 

by the process of claim 13. 

41. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl)-L-proline, whenever prepared by 

the process of claim 14. 

42. A compound as in claim 28 having the name l-(3- 
roercapto-2-D-methylpropanoyl)-L-proline, whenever prepared 

by the process of claim 15. 

43. A compound as in claim 28 having the name l-(4- 
mercaptobutanoyl)-L-proline, whenever prepared by the proces 
of claim 16. 
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44. A compound as in claim 28 having the name l-(4- 
mercaptobutanoyl) -L-prolin#», whenever prepared by the pr cess 
of claim 17. 

45. A compound as in claim 28 having the name l-(3- 
mercaptopropanoyDpipecolic acid, whenever prepared by the 
process of claim 18. 

46. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl)pipecolic acid, whenever prepared 
the process of claim 19. 

47. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl)-L-proline, whenever prepared by 
the process of claim 20. 

48. A compound as in claim 28 having the name 1*(3- 
r:ercapto-2-D-methylpropanoyl/ -L-prolin*, whenever prepared 
by the process of claim 21. 

49. A compoun'^ as in claim 28 having the name l-{3- 
mercaptopropanoyl) -L-proline, whenever prepared by the 
process of claim 22. 

50. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl) -L-proline, whene/er prepared by 
the process of claim 23. 

51. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl) -L-proline, whenever prepared by 
the process of claim 24. 

52. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl) -L-proline , whenever prepared by 
the process of claim 25. 

53. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl) -L-proline , whenever prepared by 
the process of claim 26. 

54. A compound as in claim 28 having the name l-(3- 
mercapto-2-methylpropanoyl) -L-prolinc, whenever prepared by 
the process of claim 27. 
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